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(57) Abstract: A location system 
is disclosed for commercial wireless 
telecommunication infrastructures. The 
system is an end-to-end solution having 
one or more centers for outputting 
requested locations of commercially 
available handsets or mobile stations 
(MS) based on, e.g., CDMA, AMPS, 
NAMPS or TDMA communication 
standards, for processing both local 
MS location requests and more global 
MS location requests via, e.g., Internet 
communication between a distributed 
network of location centers. The 
system uses a plurality of MS locating 
technologies including those based 
on: (1) two-way TOA and TOO A; 
(2) pattern recognition; (3) distributed 
antenna provisioning; (5) GPS signals, 
(6) angle of arrival, (7) super resolution 

enhancements, and (8) supplemental information from various types of very low cost non-infrastructure base stations for 
communicating via a typical commercial wireless base station infrastructure or a public telephone switching network. Accordingly, 
the traditional MS location difficulties, such as mulrjpath, poor location accuracy and poor coverage are alleviated via such 
technologies in combination with strategies for (a) automatically adapting and calibrating system performance according 
to environmental and geographical changes; (b) automatically capturing location signal data for continual enhancement of a 
self-maintaining historical data base retaining predictive location signal data; (c) evaluating MS locations according to both 
heuristics and constraints related to, e.g., terrain, MS velocity and MS path extrapolation from tracking and (d) adjusting likely 
MS locations adaptively and statistically so that the system becomes progressively more comprehensive and accurate. Further, the 
system can be modularly configured for use in locating signalling environments ranging from urban, dense urban, suburban, rural, 
mountain to low traffic or isolated roadways. Accordingly, the system is useful for 91 1 emergency calls, tracking, routing, people 
and animal location including applications for confinement to and exclusion from certain areas. 
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A WIKlfH UfflM GflBUT AMDAPPUMW IHEHffOB 



RELDOFTHE IHVQmOH 

The present invention h directed generally to a system and method for locating people or objects, and in particular, to a system and 
5 method for locating a wireless mobile station using a plurality of simultaneously activated mobile station location estimators. 

FIELD OF THE IHVEHT10H 

The present invention is directed generally to a system and method for locating people or objects, and in particular, to a system and 
method for locating a wireless mobile station using a plurality of mobile station location estimators. More generally, the present invention is 

i o directed to a computational system and method for calibrating the relative performance of multiple models, whereto each such model is capable 
of being activated for generating hypotheses (e& estimates and/or predictions) of an unknown condition such as the location of wireless mobile 
station. Additionally, the present invention is directed to a computatfonal system and method for generatfngenhanced hypotheses of the 
unknown condition, wherein the model generated hypotheses are used as queries into an archive that associates: (a) historical model generated 
hypotheses, (b) model input data used in generating the model hypotheses, and (c) verified hypotheses to which the model input data is known to 

is correspond. 

There is great interest in providing existing infrastructures for wireless communication systems with the capability for locating people 
and/or objects in a cost effective manner. Sucfi a capability would be invaluable in a variety of situations, especially in emergency, crime 
situations and mobile commerce. There are numerous competing wireless location technologies that purport to effectively locate wireless mobile 
20 stations (as used herein this term includes, e& mobile phones, short message devices P), electronic container tracking tags, micro-transceivers 
for personal location and/or emergency). These technologies can begenerally classified as: 



25 



(a) 



handset centric wherein a portion of the location processing is performed at the mobile stations, and in particular , 
each such mobile station (ftt) includes specialized electronics specifically for performing location, in most cases, such 
specialized electronics are for detecting and receiving satellite (or more generally, non-terrestrial) signals that can 
thenbeused in toennini^ a location of the 115. 



network centric wherein the wireless communication networks) with which the fR is in contact handle substantially 
all location specific processing. As one skilled in the art will understand, there are variou s wireless location 



technologies that are available such as time difference of arrival PA), time of arrival (TOA), timing advance (TA) 
techniques, angle of arrival (ADA), multipart pattern matching techniques; and 



30 



hybrid systems wherein there are specialized location electronics at the handset, but a substantial amount of the 
location processing is performed at a network site rather at the MS. An example of such a hybrid system is what is 
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known a* network assisted GPS systems, herein 6PJ signals art obtained at die Hi (with the assistance network 
received information) and 6PS timing information k transmitted from the MS to the network for performing Mi 
location computations. 

The wide variety of wireless location techniques can provide, under appropriate circumstances, the following advantages: 

(a) If the techniques are used in combination, a more reliable and accurate wireless location capability can be provided, 
fn particular, when an embodiment of one wireless location technique is known to be (ess than satisfactory in a 
particular geographic area, an alternative embodiment (or alternative technique) can be used to obtain an Mi's 
location^). Additionally, two different embodiments and/or techniques can be applied substantially simultaneously 
ftr locating an Mi. In this latter case, a location resolver is likely needed to determine a "most likely" results Mi 
location estimate. Dote, that wireless location systems for combining wireless location techniques is described in the 
following international and U.S. patent applications which are each incorporated fully by reference herein: 

L U.S. Provbiona) Application No. 6o/oi^^SS Rted September 9, 1996 - 
ii. Hi Provisional Application Ho. 60/044$!, filed April zj, 1997; 
I ill Provisional Application No. 60/056,590, filed Augusuo, 1997; 
k International Application Ho. Pfl/DSfl/wa filed September 8, 7997 entitled "LOCATION OF A MOBILE 
5TATIOH U5IN6 A PLORAUIT OF COMMEROAL WIRELESS INFRASTRUCTURES'' 

v. International Application Ho. PCT/DSfl/i^i filed September 8, 1997; entitled "LOCATION OF A MOBILE 
STATION"; 

vi. l).S. Application Ho. 09/194,367 filed Nov. 24, 1999 entitled "Location Of A Mobile Station"; 

wl U.S. Application Ho. 09/176,587 filed Oct 21, 1998 entitled "Wireless Location System for Calibrating Multiple 
Location Estimators" 

viiL ILS Patent Ho. 6,236365 filed Jan. 22, 1999 entitled "Location of a Mobile Station Using A Plurality Of 

Commerdal Infrastructures"; 
ix. O.S. Application Ho. 09/299,115 filed: April 23,1999 entitled "WIRELESS LOCATION USING MULTIPLE 
SIMULTANEOUS LOCATION ESTIMATORS"; and 

(b) if a primary wireless location technique fails (tg., due to an electronics malfunction), then assuming an alternative 
technique is available that does not use, tg., the malfunctioning electronics of the primary technique, then the 
alternative technique can be used for MS location. 

However, the variety of wireless location techniques available is also problematic for at least the following reasons: 

(a) a request for an MS location can require either the requester to know the wireless location service provider of the 
geographical area where the MS is liKety to be, or to contact a location broker that is able to, c&, determine a 
commonication network covering the geographical area within which the MS is currently residing and activate 
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(directly or through the Mi's wireless service provider) an appropriate wiretes i location jervice. In the art, the 
technology enabling such a location broker capability hai beat referred to as a "wireless location gateway". An 
enbodimair of such a gateway is described in the Pff/l^/ijftp reference identified above; 

(b) (or coramuniation networks relying on handset centric and/or hybrid systems for MS location, MSs roaming from 
5 networks using only network centric location capabilities will likely not have the specialized electronics needed for 

being looted and accordingly many location related network services will not be available such as emergency services 
(tg. ? Eqn !ntheU.$.). 

(c) different location technic have different reliability and accuracy characteristics. 

Accordingly, it would be desirable to integrate into a single wireless location broker or wireless location gateway at many location 
i o techniques as possible so that location requests can be fulfilled without the requester needing to know what location technique is use! It would 
be further desirable for roaming MSs to be able to be located to coverage areas where a wireless location technique is differentfrom the one (or 
more) techniques supported in the primary subicription area for the MS. Additionally, it would be desirable to provide new applications for which 
MS location information can be applied via, eg., a wireless location gateway. 

OBJECT* OF THE INVENTION (MING TO WIRELESS LOCATION 

is It is an objective of the present invention to provide a system and method for accurately locating people and/or objects in a cost 

effective manner wherein a location reqoeiter can obtain an MS location without needing to provide location technique specific information with 
the request 

It is a further object the present invention to provide wireless location without the requester knowing the particulars of 
communication network with which the Mi may be in contact, eg., the commercial radio service provider (MS), the wireless communications 
20 protocol, etc. 

Tet another objective is to provide a low cost location system and method, adaptable to wireless telephony/Internet systems, for using 
a plurality of location techniques for increasing MS location accuracy and consistency. In particular the plurality of location techniques 
(embodied in "location estimators" alio denoted "first order models" or FOMs herein) may be activated according to any one or more of a 
number of activation strategies such as concurrent activation (eg., for obtaining two location estimates of an MS location), data-driven activation 
25 (e.g., activated when appropriate input data is available), priority activation (tg. ( an attempt to activate a preferred FOM is first performed, and 
if unsuccessful, or a result onsatfsfaoory, then an attempt at activating a second EDM is performed). 

Yet another object is to (or be able to) integrate into a wireless location gateway a targe number of MS location techniques such as: 
(u) tiinwf-arrivai wireless signal processing techniques; 
[u) timing advance techniques; 
30 (n) tirae-difference^farriva] wireleis signal processing techniques; 
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adaptive wrelw spa) processing techniques having, for example, learning capabilities and including, for injtance, 





conflict resolution techniques for resolving conflicts to hypotties« for MS location estimates; 



5 




estimate 





signab transmitted from an IIS; 



M) 




10 



hybrid wireless location techniques that combine a two or more of the above location techniques (2.1) - (u) or 




(z.io) Wireless location techniques that use floppier, phase coheroicy, and other signal characteristics for determining Mi 
location, MS velocity and MS direction of movement. 
A related object is to integrate handset centric, network centric and hybrid systems so that the problems identified hereinabove are 



15 mitigated. 

dote that it is an objective of the present invention to provide a "plug and pf capability for new wireless location estimators, 
wherein new location estimators can be easily incorporated into an embodiment of the present invention. That is, provide an interface that 
allows substantially automatic integration of new fOMs. 

let another object is to provide novel applications for wireless location that benefits from an integration of different location 

20 techniques. 
DEflNITIOHS 

The following definitions are provided for convenience. In general, the definitions here are also defined elsewhere in this document as 

well 

The terra "wireless" herein is, in general, an abbreviation for "digital wireless", and in particular, "wireless" refers to digital radio 
25 soling using we of standard digital protocols such as Advanced Mobile Ptare Service (AMPJ), narrowband 4taad Mobile Phone Service 
(MAMPS). code division multiple access (CDMA) and lime Division Multiple Access (TDMA), 6lobal Systems Mobile (6SH), and time division multiple 
access (TDMA) as one stalled in the art will understand. 

(5.2) As used herein, the term "mobile station" (equivalently, MS) refers to a wireless device that is at least a transmitting device, and in 
most cases is also a wireless receiving device, such as a portable radio telephony handset dote that in some contorts herein instead or in addition 
30 to MS, the following terms are also used: 'persona! station" (PS), and "location unit" (LB). In general, these terms may be considered 
synonymous. Note that examples of various MSs are identified in the Background section above. 



WO 01/95642 



PCT/USO 1/1 7957 



5 

y He terms, "wireless infrastmcture" (or simply "infrastructure"), denote one or more of: (a) a network for one or more of telephony 
communication terra, (b) a collection of commonly controlled transceivers for providing wireless communication with a plurality of MSs, (c) the 
wireless Internet, (d) that portion of communications network that receive and processes wireless communications with wireless mobile stations. 
In particular, this infrastructure includes telephony wireless base stations (BS) such as those for radio mobile communication systems based on 
5 (DMA, AMPS, HAHPS. TDilA, and 6SK wherein the base stations provide a network of cooperative communication channels with an air interface to 
the MS, and a conventional telecommunication; interface with a Mobile Switch (enter (MSQ. Thus, an Mi user within an area serviced by the base 
stations may be provided with wireless communication throughout the area by user transparent communication transfers (ie, "handofls") 
between the user's MS and these base stations in order to maintain effective telephony service. The mobile switch center (MSQ provide 
communications and control connectivity among base stations and the public telephone network. 

i o (3.4) The phrase, "composite wireless signal characteristic values" denotes the result of aggregating and filtering a collection of 
measurements of wireless signal samples, wherein these samples are obtained from the wireless communication between an MS to be located and 
the base station infrastructure (e&, a plurality of networked base stations). However, other phrases are also used herein to denote this 
collection of derived characteristic values depending on the context and the likely orientation of the reader, for example, when viewing these 
values from a wireless signal processing perspective of radio engineering, as in the descriptions of the subsequent Detailed Description sections 

1 5 concerned with the aspects of the present invention for receiving MS signal measurements from the base station infrastructure, the phrase 
typically used is: U RF signal measurements". Alternatively, from a data processing perspective, the phrases: "location signature cluster* and 
"location signal data" are used to describe signal characteristic values between the MS and the plurality of infrastructure bate stations 
substantially simultaneously detecting MS transmissions. Moreover, since the location communications between an MS and the base station 
infrastructure typically include simultaneous communications with more than one base station, a related useful notion is that of a "location 

20 signature" (also denoted loc sig" herein) which is the composite wireless signal characteristic values for signal samples between an MS to be 
located and a single base station. Also, in some contexts, the phrases: "signal characteristic values" or "signal characteristic data" are used when 
either or both a location spaturefs) and/or a location signature clusters) are intended. 

SUMMARY DiSCUSSIOH 

The present invention relates to a method and system for performing wireless mobile station location. In particular, the present 
25 invention is a wireless mobile station location computing method and system that utilizes multiple wireless location computational estimators 
(these estimators also denoted herein as MS location hypothesizing computational models, Tint order models", FOMs, and/or "location 
estimating models"), for providing location estimates of a target mobile station MS, wherein ambiguities and/or conflicts between the location 
estimates may be effectively and straightforwardly resolved. More particularly, the present invention provides a technique for calibrating the 
performance of each of the location estimators so that a confidence value (e&, a probability) ran be assigned to each generated location 
30 estimate. Additionally, the present invention provide a straightforward technique for using the confidence value (probabilities) for deriving a 
resulting most likely location estimate of a target wireless mobile station. 
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More generally, the present invention relates to a oovd computational method and architecture for synergistic^ combining the 
results of a plurality of computational models in a straightforward way that allows the models to be calibrated relative to one another so that 
differences in results generated by the models can be readily resolved. Accordingly, the computational method and architecture of the present 
invention may be applied to wide range applications where synergies between multiple models is expected to be enhance performance, 
s for a particular application having a plurality of computational models (each generating a hypothetical estimate of a desired results) 

in a space of hypothesis results), the present invention may be described, at a high level as any method or system that performs the following 
steps: 

(4.1.1) A step of determining a classification scheme for determining an input class for each input data set supplied to the plurality 

of computational models (FOHs), wherein for each range, R, of a plurality of ranges of desired results in the hypothesis 

i o space, there is an input class, and the input data sets of this input class are expected to have their corresponding desired 

results) in the range ft. Some examples will be illustrative. For a wireless location system, the present step determines 
geographical subaras of a wireless network coverage area that have "simitar" wireless signal characteristics. Such 
sabareas may be relatively easy to determine, and there may be no constraint on the size of the subareas. The intention 
is to determine (a) such a subarea as only a general area where a target MS must reside, and (b) the subarea should be 

1 5 relatively homogeneous in Its wireless signaling characteristic. Accordingly, (a) and (b) are believed to be substantially 

satisfied by grouping together into the same input class the wireless signal data sets (i.e, input data sets) from 
corresponding target MS locations wherein at each of the target MS locations*, (i) the set of bate stations detected by the 
target US (at the location) is substantially the same, and/or (b) the set of base stations detecting the target HS is 
substantially the same set of base stations. 

20 Note that there are numerous techniques and commercial packages for determining such a classification 

scheme. In particular, the statistically based system, "CART" (acronym for Classification and Regression Trees) by ANfiOSS 
Software International Limited of Toronto, Canada is one such package. Further, note that this step is intended to 
provide reliable but not necessarily highly accurate ranges R for the desired results. Also note that In some applications 
tftere may be only a sfngle input class, tftas a$$unng high retrability (albeit, likely low accuracy). Accordingly, inthis 

25 latter case the present step may be omitted. 

(4.1.2) A step of calibrating each of the pluraRty of computational models (FOHs) so to each subsequent hypothesis generated by 

one of the models has a confidence value (e&, probability) associated therewith that is indicative of the likeliness of the 
hpthesis being correct The calibrating this step is performed using the input classification scheme determined in the 
above step (4.1.1). In one embodiment of this step, each model is supplied with inputs from a given fixed input class, 
30 wherein each of these inputs have corresponding known results that constitute a correct hypothesis (i.e, a desired result). 

Subsequently, the performance of each model is determined for the input class and a confidence value is assigned to the 
model for inputs received from the input class. Hote that this procedure is repeated with each input class available from 
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the input classification scheme. In performing tbb procedure, an application domain specific criteria is used to determine 
whether the hypotheses generated by the models identify the desired remits in the hypothec space. Accordingly, for 
each of the models, when supplied with an input data set from a fixed input class, the hypothesis gaierated by the model 
will he given the confidence value determined for this input class as an indication of the likelihood of the generated 
hypothesis being correct (Le.. the desired result). Note that the confidence value for each generated hypothesis may be 
computed as a probability that the hypothesis is correct 

Bote that for a wireless location application, the criteria (in one embodiment) is whether a location 
hypothesis contains the actual location where the MJ was when the corresponding input data set (wireless signal 
measurements) were communicated between this HI and the wireless network. 

For applications related to the diagnosis of electronic systems, this criteria may be whether an hypothesis 
identifies a proper functional unit such as a circuit board or chip. 

For economic forecasting applications, this criteria may be whether an hypothesis is within a particular range 
of the correct hypothesis. For example, (fan application according to the present invention predicts the 1)1 gross 
national product (GNP) six months into the future according to certain inputs (defining input data sets), then hypotheses 
generated from history data that hat associated therewith the actual corresponding GUP (six months later), may be 
used for calibrating each of the plurality of economic forecasting models (FOHs). Thus, the application specific criteria for 
this case may be that a generated hypothesis is within, say, 10% of the actual corresponding six month GNP prediction. 

For identifying a known object soch as an air or space borne, terrestrial vehicle, or watercraft, the criteria 
may be whether an hypothesis actually identifies the object. 

For geophysical analysis applications (e& for identifying and/or classifying and/or mapping mineral deposits, 
oD, aquifers or seismic faults), the criteria may be whether an hypothesis provides a correct analysis. 

Hote that the applications described herein are illustrative, but not comprehensive of the scope of the present 
invention, further note that this step typically is performed at least once prior to inputting input data sets whose 
resulting hypotheses are to be used to determine the desired or correct results. Additionally, once an initial calibration 
has been performed, this step may also be performed: (a) intermittently between the generation of hypotheses, and/or 
(b) substantially continuously and in parallel with the generation of hypotheses by the models. 
(4.1.3) A step of providing one or more input data sets to the models (FOHs) for generatinga plurality of hypotheses, wherein the 
result(s) desired to be hypothesized are unknown. Moreover, note that the generated hypothecs are preferred to have a 
same data structure definition. 

For example, for a wireless location system, the present step provides an input data set Hiding the 
composite signal characteristic values to one or more MS location hypothesizing computational models, wherein each such 
model subsequently determine one or more Initial estimates (aho denoted location hypotheses) of the location of the 
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(4.14) A step of adjusting or modtfymg the generated hypothetes output try the models, wherein for such an hypothesis, adjustments 
may be performed on one or both of its hypothesized result H.B, and its confidence value for furthor enhancing the 
performance of the present invention. In one embodiment of this step, Hi is used as an index to retrieve other results 
from an archival database, wherein this database associates hypothesized results with their corresponding desired or 
correct results. Thus, H.R may be used to identify data from other archived hypothesized results that are "nearby" to 
H.R, and subsequently use the nearby data to retrieve the corresponding desired results. Thus, the set of retrieved 
desired results may be used to define a new "adjusted" hypothesis. 

for example, for a wireless location system utilizing the present invention, each location hypothesis, H, 
identifies an area for a target MS, and H can used to identify additional related locations included in archived hypotheses 
generated by the same fOM as generated H. For instance, such related locations may be the area centroids of the 
archived hypotheses, wherein these centroids reside within the area hypothesized by H, Accordingly, such centroids may 
be used to retrieve the corresponding actual verified MS locations (Le, the corresponding desired results), and these 
retrieved verified locations may be used to generate a new adjusted area that is likely to be more accurate than It. In 
particular, a convex hull of the verified locations may be used as a basis for determining a new location hypothesis of the 
target MS. Moreover, this aspect of the invention may include the preprocessing of such adjustments throughout a 
wireless coverage area to produce a geolocation vector gradient field, wherein for each archived hypotheses B (having l* 
as an MS location estimate) for a designated FOM, throughout the coverage area, a corresponding verified location version 
VLg is determined. Subsequently, the adjustmentvectorAV B = O^-La) is determined as one ofthe adjustment 
vectors of the vector gradient field. Thus, (, and AV„ are associated in the data archive as a record ofthe vector gradient 
field. Accordingly, when a location hypothesis Ho for a target MS at an unknown location is generated (the hypothesis Ho . 
having lo as the target MS location estimate), records within the vector gradient field having their corresponding 
location I, "near" Lo, (e.g. t within area of a predetermined distance about Lo or a "neighborhood: of Lo) can be 
retrieved. Accordingly, an adjustment to Lo can be determined as a function of of the L H and AV B values ofthe retrieved 
records. Hote that an adjustment to Lo may be simply an average of these AV„ vectors for the retrieved records. 
Alternatively, the AV„ values may be weighted such that the AV„ having Lg closer to Lo are more influential to the 
resulting derived location for the target MS. More generally, the adjustment technique includes a method for 
interpolating an adjustment at Lo from the verified adjustments at locations about Lo. Enhancements on such 
adjustment/interpolation techniques are also within the scope of the present invention. For example, the weightings (or 
other terms of an such an interpolation technique) may be combined with other known wireless signal characteristics of 
the area such as an identification of: (a) a known sharp change in the geolocation gradient vector field, and/or (b) a 
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subarea having reduced wireless trammUsion capabilities, ami/or (c) a sabarea wherein the retrieved records lor the 
subarea have their adnata k widdy spaced apart, and/or (d) a subarea wherein there is an taoflicient number of 
retrieved records. 

For otter application domain the present step require a first technic to determine both "nearby" 
archived data from previously archived hypotheses, and a second technique to determine an "adjusted" hypothesis from 
the retrieved desired results. In general, such techniques an be relatively straightforward to provide when the 
hypothesized results reside in a vector space, and more particularly, in a (artesian product of the real numbers. 
Accordingly, there are numerous applications that an be configure! to generate hypothesiied results in a vector space 
(or Cartesian product of the real numbers). For instance, economic financial forecasting applications typically result in 
numeric predictions where the first and second technique* an be, e.&, substantially identical to the centroid and convex 
hull techniques for the wireless location application.; and 
(4.1.5) Astep of subsetpiently computing a "mostliKely"* target MS location estimate is computed, for outputtingto a location 
requesting application such as <|n emergency, the fire or police departments, taxi services, etc Bote that In computing 
the most likely target MS location estimate a plurality of location hypotheses may be taken into account. In fact, it is an 
important aspect of the present invention that the most likely MS location estimate is determined by (omputationally 
firming a composite HS location atimate utilizing such a plurality of location hypotheses so that, for example, location 
estimate similarities between location hypotheses an be effectively utilized. 
Referring to (4,1.3) there may be hypotheses for estimating not only desired results), but also hypotheses may be generated that 
indicatewherethedesiretf results) isnot Thus, if the confidence values are probabilities, an hypothesis may be generated that has a very low 
20 (near lero) probabifity of having the desired result As an aside, note that in general, for each generated hypothesis, H, having a probability, P, 
there is a dual hypothesis H c that may begenerated, wherein the H c represents the complementary hypothesis that the desired result is in the 
space of hypothesized results outside of H. fhus, the probability that the desired resu!t(s) is outside ofthe result hypothesized by H is >P. 
Accordingly, with each location hypothesis having a probability favorably indicating where a desired result may be (It, P > = 0.5), there is a 
corresponding probability for the complement hypothesis that indicates where the desired result(s) is unlikely to be. Thus, applying this 
25 reasoning to a wireless location application utilizing the present invention, then for an hypothesis H indicating that the target MS is in a 
geographical area A, there is a dual location estimate that may be generated, wherein the If represents the area outside of A and the 
probability that the target MS is outside of A is yl Thus, with each location hypothesis having a probability favorably indicating where a target 
MSraaybe(i.e.,P >= 0.5). there h a correspondfiig probabinty for the complement area not represented by the location hypothesis that does 
not fayor the target MS being in this complement area. Furth^ note that similar dual hypothese can be used in other applications usiqg the 
30 multiple model architecture ofthe present invention when probabilities are assigned to hypotheses generated by the models ofthe application. 
Referring to (4.13) as it relates to a wireless location system provided by the present invention, note that, it is an aspect ofthe 
present invention to provide location hypothesis enhancing and evaluation techniques that can adjust target MS location estimates according to 
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location estimate k (a)wltti historical US signal characteristic vatoes, (b) with various physical constraints, and (c)with various heuristics. In 
partscolar, the fotlowutg capabilities are provided by Hie present invention: 

(p) acapabiliry for enhancing the accuracy of an initial location hypothesis, H, generated by a first order model, FUM* by using H as, 
essentially, a query or index into an historical data base (denoted herein as the location signature data base). Mote, this 
data base may include: (a) a plurality of previously obtained location signature dusters lie, composite wireless signal 
characteristic values) such that tor each such cluster there is an associated actual or verified MS locations where an MS 
communicated with the base station infrastructure for locating the MS, and (b) previous US location hypothesis estimates 
from FOrlj derived from each of the location signature clusters stored according to (a). Alternatively this data base Include a 
10 tocation error gradient fidcilbr the totow tocation erron ftr FOM B ; 

(£2)acapabilit) 
station ii 



Sarecompi 

15 locations stored in the tocation tignatore data base for rJeterrainlng the reliabTUty of the tocation hypothesizing models for 



&) a capability for reasoning about the liKeliness of a location hypothesis wherein this reasoning capability uses heuristics and 



20 



(M) an hypothesis generating capability for generating new location hypotheses from previous hypotheses. 

As also mentioned above in fo), the present invention may utffiie adaptive signal processing techniques. One particularly important 



values of location processing system parameters that affect the processing performed by the present invention. For example, such system 
pararaeten as those used for determining the size of a geographical area to be specified when retrieving location signal data of known MS 
locations from the historical Gocation signature) data base can substanrJally affettthe location processing. In particolar, a system parameter 
25 spedfyinga minimum size for such a geographical area may, if too large, cause unnecessary inaccuracies in locating an MS. Accordingly, to 



pararoeten used by the present invention. Hote that in one embodiment, the adaptation engine is based on genetic algorithm techniqnes. 
Ihe present invention may include one or more FOMs that may be generally denoted as classification models wherein such FOMs are 

1 could 



30 



iilcely generatethe wireless signal samples from wftkh the composite wiretes signal crraratteriitic values are derived. Further, the present 
invention may include the capability for training and retraining such classification FOMs to automatically maintain the accuracy of these models 
even though snbitantial changes to the radio coverage area may occor, such as the constraction of a new high rise building or seasonal variations 
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(due to, for example, Miage vartationi). At used herein, -training** repan to iteratwely preicnting "mining dua" to a corajBitational module 
ftr changing the behavior of the module io that tlie raotfule may perform progrestivcly better at it learm appropriate beiiaviDral resporoei to the 
training data. Accordingly, mining may Wide, for example, the repeated input of training data to an artificial neural network, or repeated 
itafefdcal regrosion analyia on different and/or enhanad training data (e^., statiitkal iample data jeB). Hote that other embodiments of a 
5 trained pattern matching fOMs ftr wirdos location are ditcteed in U.S. Patent 6,026304, tided "Radio Trairanitttr loation fiading for Hiretes 
Commumtation network Servicei and Manageaient," filed Jan. 8, 1997 and hsned Feb. 15, 2000. having Hilsenrath and Haxaj inventon, this 
patent being incorporated herein (iilly by reference. 

It is well known in the wireless telephony art that the phenomenon of signal multipath and shadow ping renders most analytical 
location tomputationai technlcraes such as tirae-of-antral (TOA) or timeHlifference-of-arrftral (TOOA) substantiaily error prone in urban areas and 
1 0 particularly in dense urban areas without further statistical correlation processing such as such super ralurion as disclosed in ul patent 
5,*}o,o68 fcy fattouche et at Issned on Mar. }o, iqqq and incorporated fiilly herein by reference. Moreover, it may be the case that even though 
such additional processing is performed, the multipath phenomenon may still be problematic However, this same multipart phenomenon also 
may produce substantiatly distinct or peculiar signal measurement patterns, wherein such a pattern coincides with a relatively smaD geographical 
area. TIibi, the praeot invcntioii may indade a FOM{() utilize multipath at an advantage for increasing aauracy. Moreover, it is worthwhAe to 
1 5 note ttattheutffization of classification FOMs in high multipath environments is especially advantageous in that high raoltipath environments 
are typically densely populated. Ihus, since such environments are also capable of yielding a greater density of MS location signal data from MSt 
whose actual locations can be obtained, there can be a substantial amount of training or calibration data captured by the present invention for 
training or alibratingsuch cMatioo fOHs and for progressively improving the MS location accuracy of such models. 

It Is also an aspect of the present invention that classification FOMs may be utilized that determine target MS locations by correlating 
20 and/or associating networkanontalous behavior with geographic locations where such behavior occurs. That is, network behaviors that are 
problematic for voice and/or data coiranunicatton may be used advantageously for locating a target Mi. For example, it Is wdl known that 
wireless networks typically have within their coverage areas persistent subareas where voice quality is problematic due to, e&, measurements 
related to high total errors, a high error rate, or change in error rate. In particular, such measurements may be related to frame error rates, 
redundancy errors, co-channel interference, excessive handoffs between base stations, and/or other can quality measurements. Additionally, 
25 measurements may be used that are related to subareas where wireless communiation between the network and a target MS is not sufficient to 
maintain a call Oc, "deadzones"). Thus, information about such so caBed problematic behavion may used by, ctg., a location estimator (fOM) to 
generate a more accurate estimate of a target MS. For example, such network behavioral measurements may be provided for training an 
artificial neural network and/or for providing to a statistical regression analysis technipe and/or statistical prediction models (tg., using 
principle decomposition, partial least squares, or other regression techniques) for assoriating or correlating such measurements with the 
30 geographic area for which they likely derive. Moreover, note that sod) network behavioral measurements can also be used to reduce the 
likelihood of a target MS being in an area if such measurements are not what would be expected lor the area. 
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It ii alto an aspect of the present invention that FOMs tfteimdves may be hybrid combinations of MS location tecltnkpes. For 
example, an embodiment the prcent indention may indudea FOM that uses a combination of rime Difference of Arrival PA) and Timing 
Advance (TA) location measurement tecimtpes for locating the target Hi, wherein such a technique may require only minor modifications to the 
wireless infrastructure In particular, such a fOM may provide reduced MS location errors and reduced resolution of ambiguities than are present 
5 when these techniques are used separately. One embodiment of such a fOM (also denoted theTost Model or fOM herein) is disclosed in OA Patent 
5,<|ff7#<) filed July ft W ted Nov. 16, i w having Yost and Panchapafaan as inventors, this patent being fully incorporated herein by 
reference 

Additionally, note that FOMs related to the Yost Model may also be incorporated into embodiments of the present invention wherein 
an elliptical search restriction location technique may also be utilized. In particular, such a technique is disclosed in II A patent application, 

i o having DA Serial No. o«/w,s?, and entitled "System and Method Using Elliptical Search Area (overage in Determining the location of a Mobile 
Terminal", filed Jul }o, nfl, which is also incorporated by reference herein. 

It is also a rdattd aspect of the present invoitiDn to include a plurality of stationary, low oist. low power "iDation detection tese 
stations" (IBS), each such LBS having both restricted range MS detection capabilities, and a built-in MS. Accordingly, a grid of such IBs can he 
utilized for providing wireless signaling characteristic data (from their built-in MSs) for: (a) (retraining such classification FOMs, and (b) 

1 5 calibrating the FOMs so that each generated location hypothesis has a reliable confidence value (probability) indicative of the likeliness of the 
target MS being in an area represented by the location hypothesis. 

it is a further aspect of the present invention that the personal communication system (PG) infrastructures currently being developed 
by telecommunication providers offer an appropriate localized infrastructure base upon which to build various personal location systems (PIS) 
employing the present invention and/or utilizing the techniques disclosed herein. In particular, the present invention is especially suitable for the 

20 location of people and/or objects using code division multiple access (CDMA) wireless infrastructures, although other wireless infrastructures, such 
as, time division multiple access (IOMA) infrastructures and 6SM are also contemplated. (DMA general principles are described, for example, in II. 
S. Patent yo^o, to 6ilhaiisen, et a!, which is also incorporated herein by reference 

As mentioned in (1.7) and in the discussion of classification FOMs above, embodiments of the present invention may include 
components (eg., FOMs) that an substantially automatically retrain themsitves to compensate for variations in wireless signal characteristic 

25 (eg., multipart) due to environmental and/or topographic changes to a geographic area serviced by the present invention. For example, hi one 
embodiment, the present invention optionally includes low cost, low power base stations, denoted location base stations (LBS) above, providing, 
for example, (DMA pilot channels to a very limited area about each such LBS. The location base stations may provide limited voice traffic 
capabilities, but each is capable of gathering sufficient wireless signal characteristics from an MS within the location base station's range to 
facilitate locating the MS. Thus, by positioning the location base stations at known locations in a geographic region such as, for instance, on street 

30 lamp poles and road signs, additional MS location accuracy can be obtained. That h, due to the low power signal output by such location base 
stations, for there to be signaling control communication (eg, pilot signaling and other control signals) between a location base station and a 
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target HS» the MS must be relatively Dear the location base station. Additionally, for each location base station not in communication with the 
target MS, it is Okeiy that the MS is not near to this location base station. Thus, by utilizing information received from both location base stations 
in commentation with the target MS and those that are not in toiranynication with the target MS, the present invention may substantially 
narrow the possible geographic areas within which the target MS is likely to be. Further, by providing each location base station (IBS) with a co- 

5 located stationary wireless transceiver (denoted a built-in MS above) having similar functionality to an MS, the following advantages are provided: 
(6.1) assuming that the co-located base station capabilities and the stationary transceiver of an IBS are such that the base station 
capabilities and the stationary transceiver communicate with one another, the stationary transceiver an be signaled by another compent(s) of 
the present invention to activate or deactivate its associated base station capability, thereby conserving power for the LBS that operate on a 
restricted power such as solar electrical power; 

l o (6.2) the stationary transceiver of an IBS an be used for transferring target MS location information obtained by the LBS to a conventional 
telephony base station; 

(6.j) since the location of each LBS is known and can be used in location processing, the present invention is able to (re)train itself in 
geographical areas having rod) LBSs. That Is, by activating each LBS stationary transceiver so that there is signal communication between the 
stationary transceiver and surrounding base stations within range, wireless signal characteristic values for the location of the stationary 
i 5 transceiver are obtained for each such base station. Accordingly, such characteristic values can then be associated with the known location of the 
stationary transceiver for training various of the location processing modules of the present invention such as the classification FOMs discussed 
above, in particular, such training and/or calibrating may include: 
0) (re)trainingfOMi; 

(ii) adjusting the confidence value initially assigned to a location hypothesis according to how accurate the generating fOM is 
20 in estimating the location of the stationary transceiver using data obtained from wireless signal characteristics of signals between the stationary 
transceiver and base stations with which the stationary transceiver is capable of communicating; 

(Si) automatically updating the previously mentioned historical data base (i.e., the location signature data base), wherein the 
stored signal characteristic data for each stationary transceiver can be used for detecting environmental and/or topographical changes (e.g., a 
newly built high rise or other structures capable of altering the multipart characteristics of a given geographical area); and 
25 (iv) tuning of the location system parameters, wherein the steps of: (a) modifying various system parameters and (b) testing 

the performance of the modified location system on verified mobile station location data (including the stationary transceiver signal characteristic 
data), these steps being interleaved and repeatedly performed for obtaining better system location accuracy within useful time constraints. 

One embodiment of the present invention utilizes a mobile (location) base station (MK) that can be, for example, incorporated into a 
vehicle, such as an ambulance, police car, or taxi. Such a vehicle can travel to sites having a transmitting target MI, wherein such sites may be 
3 o randomly located and the signal characteristic data from the transmitting target MS at such a location can consequently be archived with a 
verified location measurement performed at the site by the mobile location base station. Moreover, it is important to note that such a mobile 
location base station as to name Implies also Includes base station electronics for communicating with mobile stations, though not necestariiy in 
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tie manner of a conventional infrastructure base nation. In particular, a mobile location bate station may (in one embodiment) only monitor 

signal characteristics, such as HS sigial strength, from a target l\S without transmitting signals to the target MS. Alternatively, a mobile location 

base station can periodically be in bi-directional communication with a target ftt for determining a signal time-of-arrival (or time#erence-of- 

arrival) measurement between the mobile location base station and the target Hi. Additionally, each such mobile location base station Mides 
5 components for estimating the location of the mobile location base station, such mobile location base station location estimates being important 

when the mobile location base station is used for locating a target HS via, for example, timHfarrival or tirae«itnce4arrival measurements 

as one skilled in the art will appreciate. In particular, a mobile location base station can include: 

(7.1) a mobile station (ffl) for both communicating with other components of the present invention (such as a location processing center 

included in the present invention); 
1 0 (72) a 6W receiver for determining a location of the mobile location base station; 

(7i) 3 gyroscope and other dead reckoning devices; and 

(74) devices for operator manual entry of a mobile location base station location. 

furthermore, a mobile location base station includes modules for integrating or reconciling distinct mobile location base station 

location estimates that, for example, can be obtained using the components and devices of (7.1) through (7.4) above. That is, location estimates 
15 for the mobile location base itation may be obtained from: 6P5 satellite data, mobile location base station data provided by the location 

processing center, dead reckoning data obtained from the mobile location base station vehicle dead reckoning devices, and location data manually 

input by an operator of the mobile location base station. 

The location estimating system of the present invention offers many advantages over existing location systems. The present invention 

employs a number of distinctly different location estimators which provide a greater degree of accuracy and/or reliability than is possible with 
20 existing wireless location systems. For instance, the location models provided may include not only the radius-radius/TOA and TDOA techniques 

but also adaptive techniques such as artificial neural net techniques and the techniques disclosed in the D.S. Patent 6,026304 by Hitairath tt aL 

incorporated by reference herein, and angle or direction of arrival techniques as well as substantially any other wireless location technique 

wherein appropriate input data can be obtained. 

(a) Note that hybrid location estimators based on combinations of such techniques (such as the location technique of 111 
25 Patent 5,q87^9 by Ywt et al)- may abo be provided by the present invention. 

It is abo an aspect of the present invention that various embodiments may provide various strategies for activating, within a single Ml 

location instance, one or more location estimators (FDMs), wherein each such activated focation estimator is provided with sufficient wireless 

signal data input for the activation. In one embodiment, one such strategy may be ailed "greedy" in that substantially as many location 

estimators may be activated as there is sufficient input (additionally, time and resources as well) for activation, dote that some wireless location 
30 techniques are dependent on specialized location related devices being operational such as fixed or network based receivers, antennas, tranceivert, 

and/or signal processing equipment. Additionally note that some location techniques abo require particular functionality to be operable in the 

MS; tg., functionality for detecting one or more location related signals from satellites (more generally non-terrestrial transmitting stations). 
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for example, the sgnals may be 6PS signals. Accordingly, certain wireless location technique* may have their activations dependent up 
whether such location related device and/or MS functionality are available and operable (or each instance of determining an MS location Thus, 
for each MS wireless location instance, location estimator* may be activated according to the operable features present doling an MS location 
Instance for providing input activation data. 



invention may be able to take into account changes in the location topography over time without extensive maimal data manipulation. 
Moreover, the present invention can be utilized with varying amounts of signal measurement inputs. Thus, if a location estimate is desired in a 
very short time interval (e&, less than approximately one to two seconds), then the present invention an be used with only as much signal 
measurement data as is possible to acquire daring ® initial portion of this time interval Subsequently, after a greater amount of signal 

10 measurement data has been acquired, additional more accurate location estimates may be obtained. Note that this capability can be useful in the 
context of 9Ti emergency response in that a first quick coarse wireless mobile station location estimate can be used to route a 911 call from the 
mobile station to a 911 emergency response center that has responsibility for the area containing the mobile station and the 911 oiler. 
Subsequently, once the 911 call has been routed according to this first quick location estimate, by continuing to receive additional wireless signal 
measurements, more reliable and accurate location estimates of the mobile station can be obtained. 

1 5 Moreover, there are numerous additional advantages of the system of the present invention when applied in communication systems 

using, e&, (DMA. The location system of the present invention readily benefits from the distinct advantages of the (DMA spread spectrum 
scheme. Hamely, these advantages include the exploitation of radio frequency spectral efficiency and isolation by (a) monitoring voice activity, 
(b) management of two-way power control, (c) provisioning of advanced variable-rate modems and error correcting signal encoding, (d) inherent 
resistance to fading, (e) enhanced privacy, and (0 multiple "rake" digital data receivers and searcher receivers for correlation of signal 

20 multipaths. 

At a more general level, it is an aspect of the present invention to demonstrate the utilization of various novel computational 
paradigms such as: 

(8.1) providing a multiple FOM computational architecture (as illustrated in fig. 8) wherein: 



5 



The present invention may be able to adapt to environmental changes substantially as frequently as desired. Thus, the present 



25 



the hypotheses may be generated by modular independent hypothesizing computational models (fOMs), wherein the FOMs 
have been calibrated to thereby output confidence values (probabilities) related to the likelihood of correspondingly 
generated hypotheses being correct; 



(8.1.2) 




processing common or generic to a plurality of the fOMs; 

the computational architecture may enhance the hypotheses generated by the FOMs both according to past performance 



30 




(8.14) 



recalibrating one or more of the FOHs; 

the fOMs are relatively easily integrated into, modified and extracted from the computational architecture; 
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(82) providing a computational paradigm for entendog an initial estimated solution to a problem by using this initial estimated solution 
as, effectively, a query or index into an historical data base of previous solution estimates and corresponding actual solutions for 
deriving an enhanced solution estimate based on past performance of the module that generated the initial estimated solution. 
Ihe multiple FOM architecture provided herein is useful in implementing solutions in a wide range of applications. In fact, most of the 
1 can be immediately translated into other application areas, as one s! 



(92) diagnosis and fnonitoring applications such as medical diagnosis/monitoring, communication nerworK diagnosis/monitoring. Hote 
that in many cases, the domain wherein a diagnosis is to be performed has a canonical hierarchical order among the components 

10 within the domain. For example, in automobile diagnosis, the components of an auto may be Werardiically ordered aaortfing to ease 

of replacement in combination within junction. Thus, within an auto's electrical system (junction), there may be a fuse box, and 
within the fuse box there will be fuses. Thus, these components may be ordered as follows (highest to lowest): auto, electrical system, 
fuse box, fuses. Thus, if different diagnostic FOHs provided different hypotheses as to a problem with an auto, the confidence values 
for each component and its subcomponents maybe summed together to provide a likelihood value that the problem within the 

1 5 component. Accordingly, the lowest component having, for example, at least a minimum threshold of summed confidences can be 

selected as the most likely componentfbr either farther analysis and/or replacement Hote that such summed confidences may be 
normalized by dividing by the number of hypotheses generated from the same inputso that the highest summed confidence is one 
and the lowest is zero, further note that this example is merely representative of a number of different diagnosis and/or prediction 
applications to which the present invention is applicable, wherein there are components that have canonical hierarchical 

20 decompositions. For example, a technique similar to tbe auto illustration above may be provided for the diagnosis of computer 

systems, networks (lANs, WANs, Internet and telephony networks), medical diagnosis from, eg, x-rays, Ms, sonograms, etc; 
(U) robotics applications such as scene and/or object recognWon. That is, various FOMs may process visual image input differently, and it 
may be thatfor expediency, an object is recognized if the summed confidence values for the object being recognized is above a certain 
threshold ,- 

25 (94) seismic and/or geologic signal processing applications such as for locating oil and gas deposits; 

(9.C) recognition of terrestrial and/orairborne objects from satellites, wherein there may be various spectral bands monitored. 
{9.6) Additionally, ootethatthis architecture need not have ail modules cheated. In particular, itisan additional aspect of the present 
invention that various module can be remotely located from one another and coramunkatewith one another via telecommunication 
transmissions such as telephony technologies and/or the Internet. Accordingly, the present invention it particularly adaptable to such 
30 distributed computing environments. For example, some number of the first order models may reside in r 
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In an alternative embodiment ofthe present invention, the processing following the generation of location hypotheses (each having 
an initial location estimate) by the first order models may be such that tills procoiing can be provided on Internet user nods and the fint order 
models may reside at Internet server site. In this configuration, an Internet user may request hypothses from sudi remote first order models 
and perform the remaining processing at Ms/her nodt 

5 Additionally, note that it is within the scope ofthe present invention to provide one or more central location development sites that 

may be networked to, for example, geographically disposed location centen providing location services according to the present invention, 
wherein the FOMs may be accessed, substituted, enhanced or removed dynamically via network connections (via, tg., the Internet) with a central 
location development site. Thus, a small but rapidly growing municipality in substantially flat low density area might initially be provided with 
access to, for example, two or three FOMs for generating location hypotheses in the municipality's relatively uncluttered radio signaling 

i o environment However, as the population density increases and the radio signaling environment becomes cluttered by, for example, thermal 
noise and multipart!, additional or alternative FOMs may be transferred via the network to the location center for the municipality. 

Bote that in some embodiment* ofthe present invention, since there is a lack of sequencing between the FOMs and subseijuent 
processing of hypotheses (e&, location hypotheses, or other application specific hypotheses), the FOMs can be incorporated into an expert system, 
if desired. For example, each FOH may be activated from an antecedent of an expertsystem rule. Thus, the antecedent^ such a rule can 

i s evaluate to Wl if the FOM outputs a location hypothesis, and the consequent portion of such a rule may put the output location hypothesis on a 
list of location hypotheses occurring in a particular time window for subsequent processing by the location center. Alternatively, activation of the 
FOMs may be in the consequents of such expert system rules. That is, the antecedent of such an expertsystem rule may determine if the 
conditions are appropriate for invoking the FOM(s) in the rule's consequent. 

The present invention may alto lie configured as a blackboard system with intelligent agents (FOMs). In this embodiment, each ofthe 

20 intelligent agents is calibrated using archived data so that for each of the input data sets provided either directly to the intelligent agents or to 
the bfadcboanl, each hypotliesfs generated and placol on the bfadeboard by the intelligent agents has a corresponding coirfidence value Indicative 
ofan expected validity of the hypothesis. 

Of course, other software architectures may also to used in implementing the processing of the location center rtiout departing 
from scope ofthe present invention. In particular, object-oriented architectures are also within the scope of the present invention For example, 

25 die FOMs may be objea methods on an MS location estimator otjjett, wherein the estimator object receives substantially ail target MS location 
signal data output by the signal filtering subsystem. Alternatively, software bus architectures are contemplated by the present invention, as one 
skilled in theart will understand, wherein the software architecture may be modular and facilitate parallel processing. 

further features and advantages of the present invention are provided by the figures and detailed description accompanying this 
invention summary. 
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fig. i illustrates various penpectira of radio propagation opportunities which may be considered in addressing corrdation with 
mobile to base station ranging. 

fig. i shows aspects of the two-ray radio propagation model and the effects of urban dotter. 
Fig. } provides a typical example of how the statistical per budget is calculated in design of a Commercial Mobile Radio Service 
s Provider network. 

fig. 4 illustrates an overall view of a wireless radio location network architecture, based on advanced intelligent network (Alt)) 

principles. 

fig. 5 is a high level block diagram of an embodiment of the present inventiOD for locating a mobile station (MS) wittiio a radio 
coverage area for the present invention. 
io fig. 5 is a high level block diagram of the location centers 

fig. 7 is a high level block diagram of the hypothesis evaluator for the location center. 

fig. 8 is a substantially comprehensive high level block diagram illustrating data and control flows between the components of 
(and/or accessed by) the location center/gateway 142, as well the functionality of these components. 

figs. <)A and qB are a high level data structure diagram describing the fields of a location hypothesis objectgenerated by the first 
1 5 order models 1224 of the location center. 

fig. to is a graphical illustration of the computation performed by the most likelihood estimator^ of the hypothesis evaluator. 

fig. n is a high level block diagram of the mobile base station (MBS). 

fig. 12 is a high level state transition diagram describing computational states the Mobile Base station enters during operation. 

fig. 11 is a high level tfiagram illustrating the data structural organization of the Mobile Base station capability (or autonomously 
20 determining a most likely MBS location from a plurality of potentially conflicting MBS location estimating sources. 

fig. 14 illustrates the primary components of the signal processing subsystem. 

fig. 75 iilusttates how automatic provisioning of mobile station information from multiple (MBS occurs. 

fig. 16 illustrates another embodiment of the location engine 139, wherein the context adjuster^ (denoted in this figure as 
"location hypothesis adjuster modules") includes a module (14$ that is capable of adjusting location hypotheses for reliability, and another 
25 module (1440) that is capable of adjusting location hypotheses for accuracy. 

fig. 17 illustrates the primary components of the signal processing subsystem. 

fig. 18 is a block diagram further illustrating the present invention as a wireless location gateway. 

fig. 19 is a block diagram of an electronic networked yellow pages for providing foteH(genr advertising services, wherein wireless 
location setvices may be utilized. 

30 DETAILED OESOIIPTIOW 
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When performing wireless location as described herein, substantial improvements in radio location can be achieved since (DMA and 
other advanced radio communication infrastructures can be used for enhancing radio location, for example, the capabilities of IS-41 and advanced 
(indigent network (Alfl) already provide a coarse-granularity of wireless location, as is necessary to, for example, property direct a terminating 
call to an Hi. Sad) information, originally intended for call processing usage, can be re-used in conjunction with the wirelm location processing 
5 described herein to provide wireless location in the large (Le., to determine which country, state and city a partfcnlar MS is located), and wireless 
location in the small (it, which location, pins or minus a few hundred feet a given MS is located). 

Fig. 4 is a high level diagram of one embodiment of a wireless radiolocation architecture for the present invention. Accordingly, this 
figure illustrates the interconnections between the components of a wireless cellular communication network, such as, a typical t(S network 
configuration and various components that are specific to the present invention. In particular, as one (killed in the art will understand, a typical 
10 wireless (PCS) network indodes: 

(a) a (large) plurality of wireless mobile stations (MSs) 140 for at least one of voice related communication, visual (e.g., text such as is 

provided by a short message service) related communication, and according to present invention, location related 
communication. Bote that some of the Mis 140 may include the electronics and corresponding software to detect and process 
signals from non-terrestrial transmission stations such as GPS and/or 61DNASS satellites. Moreover, note that such non- 
1 5 terrestrial transmission stations can also be high attitude aircraft which, e.g., can hover over a metropolitan area thereby 

facilitating wireless communications; 

(b) a mobile switching center (fttQ ttz; 

(c) a plurality of wireless cell sites in a radio coverage area 120, ^Mn each cell site includes an infrastructure base station such as 

those labeled 122 (or variations thereof such as 122A - 121D). In particular, the base stations 122 denote the standard high 
20 traffic, fixed location base stations used for voice and data communication with a plurality of MSs 140, and, according to the 

present invention, also used for communication of information related to locating such MSs 140. Additionally, note that the 
base suM\ labeled ij2 are more directly related to wireless Won enablement for example, as described in greater detail 
hereinbelow, the base stations 152 may be low cost low functionality transponders that are used primarily in communicating MS 
location related information to the location center 142 (via base stations 122 and the MSC m). Note that unless stated 
25 otherwise, the base stations 152 will be referred to hereinafter as location base stations) 151 or simply lBS(s) 1524 

(d) a public switched telephone network (PSTN) 124 (which may include signaling system links 106 having network control 

components such as: a service control point (S(P) 104 , one or more signaling transfer points (STPs) no. 
In addition, the present invention provides one or more location centers/gateways 142. Such gateways may be described at a high 
Was follows. 



30 b(3tion(m/6dt&3p42Dii(riiMmi 
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A location center/gateway^ (atsobe referral to as a location center/gateway, or limply gateway) , In response to a location 
I can request activation of one or more o 



5 another embodiment of the location center/gateway 142 of the present invention, (tote that the wireless location gateway activation requests 
may be dependent upon, e&, 

(a) a wireless network with which the MS 140 may be in contact, such a network may be: 

(0 ac 
00 as 

10 (iii) a wireless network of beacons for providing location related information such as 6PS and tORAN (, 

(lv) wireless carrier independent networks for performing wireless location such as the wireless location 
network provided by lima Three, Suite #220, Franklin Atrium, 3015 $th Avenue H.E,. Calgary, AB TiA 
6TB. 

(v) a wireless broadcasting network ftr use in activating an Ml 140 of, e&, a stolen vehicle such as is provided 
1 5 by Lofack Corporation, flro Street, Dedham, MA 02026, and/or 

(vQ a hybrid network including portions of wireless networks each network providing different types of spat 
measurements for performing wireless location); 

(b) the location signal measurement obtaining capabilities of the wireless network with which the MS may be in contact For 
example, such a network may only support a network centric location technique, 

20 (c) the functionality of the Ml 140 such as: the type(s) of wireless signals which can be detected and processed by the MS such 

as: 

(i) non-terrestrial signals such as GPS signals, 

(ii) signals from wireless beaconing/broadcastiiig systems such as for LORAH C signals or stolen vehicle 
broadcast networks for activating an MS 140 attached to the stolen vehicle, or 

25 . (iii) wireless telephony protocols like CDMA, TOMA, and/or 6SM, 

(d) a likely location of the target MS 140. For example, if the target Ml 140 is likely to be in Japan rather than the United 
States, then the location service provider contacted by the gateway 142 may be different from the location service 
provider if the MS is likely to be in the U.l. 
Moreover, regarding the plurality of wireless location technique (embodiments thereof also denoted herein as "location estimators") 
30 for which activation may be requested by the gateway, these techniques may be co-located with the gateway, accessible via a network including: 
(i) local area networks, and (ii) wide area networks such as a telephony (wired or wireless) network, the Internet or a cable network. The 

1 estimators, measurements of communication* between the Ml 140 and one or more 
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networte for detraining a location of the MJ 140. Alternatively, instead of rapping such measurement! (locally or remotely, and, via a 
network or otherwise), the gateway 142 may provide, with the location activation request, an identification of where the measurements may be 
obtained (e& one or more network address). In yet another alternative, such a gateway 141 may alio send requests) to the network© 
having such MS communication measurements to forward them to particular location estimators. Note, that in performing these tasks, the 
5 gateway 142 may receive with a location request (or may retrieve in response thereto) information regarding the functionality of the target MS 
140, e& as discussed above. Accordingly, such information may beused in selecting the location estimator to which an activation request is 
provided. Thus, the gateway 142 may be the intermediary between location requesting applications and the location estimators, thereby 
providing a simple, uniform application programming interface (API) for such applications substantially independently of the location estimators 
that are activated to fulfill such location requests. Moreover, the gateway 142 (or embodiments thereof) an substantially ease the burden on 

1 0 ^location service providers by providing a substantially uniform method for obtaining target Hi/network fignal data form in locating the 
target MS. Thus, by interfacing to the gateway 142, a location service provider may substantially reduce the number and complexity of its data 
exchange interferes with the wireless networks for obtaining target MJ/network signal data. Marly, the networks captoring such signal data 
may also reduce the complexity and number of their interface for providing such signal data to location service providers. Additionally, note 
that the gateway may also fulfill location requests wherein the location is for a stationary and/or wireline handset instead of a mobile station 

1 5 140. Accordingly, the gateway 142 may request access to, e.g., phone location information stored in a carrier's database of premise provisioning 
equipment as one skilled in the art will understand. 

In some embodiments of the gateway 142, it may also facilitate in the providing of certain location related services in addition to 
providing, eg., MS 140 locations. In particular, one or more of the following location related services may be facilitated by the gateway 142 or 
may be made operative via the wireless location capabilities of the gateway 741 However, note that tk following location related services can, in 

20 general, be provided without use of a gateway 142, albeit, e&, in a likely more restricted context wherein not all available wireless location 
estimating techniques are utilized, and/or by multiplying the number of interfaces to geolocation service providers (e.g. , distinct wireless location 
interfaces provided directly to each wireless location service provider utilfced). Further note that at some of these applications are described in 
greater detail in later sections herein: 

(10.1) Routing instructions for directing a vehicle or person to get to a desired destination. Note, that there are various forms of 

25 utilizing MS location capabilities to determine an appropriate route, and related teachings are provided in copending V.S. 



patent application tided, "(tireless Location Using A Plurality of Commercial Network Infrastructures/ by F. H. kMu 
Dupray and Karr filed Jan. 22, 141)9 and having IK Patent No. 6,236,36$ issued May 22, 2001 which is fully incorporated herein 



30 



by reference, and by the following two copending 111 patent applications which are also incorporated herein by reference 
(i) "location Of A Mobile Station" filed Nov. 24, 1999 having Application No, 09/194367 whose inventors are Dupray and 
Karr, and (ii) "A Wireless Location System For Calibrating Multiple location Estimators" filed October 21, 1998 having 
Application No. 09/176,587 whose inventor is Dupray. Additionally, other routing services may also be provided by the 
gateway 142 (or by service providers in cooperation with the gateway). For example, the gateway 142 may cooperate 
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with an automated speech recognition interpretation and tynthesh unit for providing substantially automated interactive 
communication with an MS 140 for providing spoken directions, tiote that such directions may be provided in terms of 
street names and/or descriptions of the terrain (e& "the glass hfgh rise on the left having pink tinted glass"). 
(io.z) Advertising may be directed to an MS 140 according to its location. In at least some studies it appears that MS 140 usen 

5 do not repond wdl to unsolicited wiretes advertisement whether location based or otherwise. However, in response to 

certain user queries for bally available merchandise, certain advertisement may be viewed in a more friendly light 
Thus, by allowing an Hi user to contact, tg., a wireless advertising portal by voice or via wireless Internet, and describe 
certain merchandise desired (ej., via interacting with an automated speech interaction unit) the user may be able to 
describe and receive (at his/her MS 140) visual displays of merchandise that may satisfy such a user's request. For 

1 0 example, an MS user may provide a spoken request such as: "I need a shirt, who has specials near here?". 

(103) Applications that combine routing with safety for assisting MS usen with requests such at n How do Igetback to the hotel 
safely?"; 

(104) Applications that combine routing with sight seeing guided tour where routing is interactive and depending on feedback 
from users regarding, eg., user interests; 

1 5 (10.5) Applications using Internet picture capture with real time voice capture and MS location (e&, sightseeing, security, and 

law enforcement), 

(10.6) Intelligent transportation (e.g., voice commanded vehicle) 

(10.7) Applications that monitor whether or not a person or object (e&, a vehicle) is within a predetermined boundary. Dote, 
that such as application may automatically provide speech output to the MS user (or other authorized user) when the 

20 person or object is bepd the predetermined boundary; 

(10.8) Applications that route to an event and automatically determine parking availability and where to park; 
(lo.q) Traffic/weather condition routing 

further note that various architectures for the location center/location gateway are within the scope of the invention including a 
districted architecture wherein in addition to the fOMi being pwiMy remotely accessed (e£, via a comnmnicatM network such as the 

25 Internet), thegateway itself may be distributed throughout one or more communication networks. Thus, a location request received ata first 
location gateway portion may be routed to a second location gateway portion (tg., via the Internet). Such a distributed gateway may be 
considered a "meta-gateway" and in fact such gateway portions may be filly functioning gateways in their own right Thus, such routing 
therebetween may be due to contractual arrangements between the two gateways (each fulling location requests for a different network, 
wireless earner, and/or geographical region). For example, for looting a stolen vehicle, it is not uncommon for the stolen vehicle to be 

30 transported rapidly beyond the coverage area of a local or regional wireless vehicle locating service. Moreover, a given location gateway may 
provide location information for only certain areas corresponding, eg., to contractual arrangements with the wireless carriers with which the 
location gateway is affiliated. Ilius, a first location gateway may provide vehicle locations for a first collection of one or more wireless networks, 
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and a second location gateway may provide vehicle locations for a second collection of one or more wireless networks. Accordingly, ftr an MS 140 
built into a vehicle which can he detected by one or more wireless networks (or portions thereof) in each of the first and second collections, then 
if the vehicle is stolen, the first gateway may be initially contacted for determining whether the vehicle can be located via communications with 
the first collection of one or more wireless networks, and if the vehicle an not be looted, the first gateway may provide a loattoo request to the 




(n.i) one or more moWle base stations 148 (MBS) which are optional for physically traveling toward the target MSi4» or 



tracking the target MS; 

1 0 (iu) a plurality of location base stations 151 (LM) which are optional, distributed within the radio coverage areas 120, each 

LB$ having a relatively small MS 140 detection area 154. Note that soch LBSs i$z may also support Internet and/or 
TCP/IP transmissions for transmitting visual location related information (e&, graphical, or pictorial) related to an MS 
location request 

Since location base stations 151 can be located on, e.g, each floor of a multi-story building, the wireless location technology described 

1 5 herein can be used to perform location In terms of height as well as by latitude and longitude. 

In operation, an MS 140 may utilize one or more of the wireless technologies, CDMA. TDMA, AMPS, HAMPS or 6SH for wireless 
communication with: (a) one or more Infrastructure base stations 122, (b) mobile base stations) 148, or (c) an IBS i£. Additionally, note that in 
some embodiments of the invention, there may be MS to MS communication 

Referring to fig. 4 again, additional detail Is provided of typical base station coverage areas, secrorization, and high level components 

20 within a radio coverage area 120, including the MSCm Three exemplary base stations (BSs) are 122A, 122B and nz(, each of which radiate 
referencing signals within their area of coverage 169 to facilitate mobile station (MS) 140 radio frequency connectivity, and various timing and 
synchronization functions. Note that some base stations may contain no sectors ijo (eg. mE), thus radiating and receiving signals in a 360 
degree omnidirectional coverage area pattern, or the base station may contain "smart antennas" which have specialized coverage area patterns. 
However, the generally most frequent base stations 122 have three sector 30 coverage area patterns. For example, base station 122A includes 

25 sectors 130, additionally labeled a, b and c Accordingly, each of the sectors ijo radiate and receive signals in an approximate no degree arc, from 
an ova-head view. As one skilled in the art will understand, actual base station coverage areas 169 (stylistically represented by hexagons about 
the base stations m) generally are designed to overlap to some extent, thus ensuring seamless coverage in a geographical area. Control 
electronics within each base station m are used to communicate with a mobile stations 140. Information regarding the coverage area for each 
sectonjo, such as its rai«e, area, and W or areas of no coverage (within the radio coverage area no), may be known and used by the 

30 location center 142 to facilitate location determination. Further, during communication with a mobile station 140, the identification of each base 
station 122 communicating with the MS 140 as well, as any sector identification information, may be known and provided to the location center 
141 



WO 01/95642 PCT/US01/17957 



24 

In the case of the base station types 122, 148, and 752 communicating location information, a base station or mobility controller 774 
(BSQ controls, processes and provides an interface between originating and terminating telephone cafls from/to nwMe station (MS) 140, and the 
mobile switch center (MSQ m. Hie MK122, on-the-other-hand, performs various administration functions such as mobile station 140 
registration, authentication and the relaying of various system parameters, as one skilled in the art will understand. 

5 The base stations vi may be coupled by various transport facilities 176 such as leased fines, frame rday, Karrier links, optical fiber 

links or by microwave communiation links. 

When an MS140 is powered on and in the idle state, it constantly monitors the pilot signal transmissions from each of the base 
stations w located at nearby cell sites. Since base station/sector coverage areas may often overlap, such overlapping enables an MS 140 to 
detect, and, in the case of certain wireless technologies, communicate simultaneously along both the forward and reverse paths, with multiple 

1 0 base stations 121 and/or sectors ijo. In Fig. 4, the constantly radiating pilot signals from base station sectors i$o, such as sectors a, b and c of BS 
122A, are detectable by MSs 140 within the coverage area 169 for BS 722A. That is, the mobile station; 140 son for pilot channels, corresponding 
to a given base station/sector identifiers (IDs), for determining in which coverage area i6q (Le., cell) it is contained. This is performed by 
comparing signal strengths of pilot signals transmitted from these particular cell-sites. 

The mobile station 140 then initiates a registration request with the MSC 772, via the base station controller 174. The MSC m 

1 5 determines whether or not the mobile station 140 is aDowed to proceed with the registration process (except, e.g., In the case of a qn call, 
wherein no registration process is required). Once any required registration is complete, calls may be originated from the mobile station 140 or 
calls or short message service messages an be received from the network. Hote that the HSC m communicates as appropriate, with a class 4/5 
wireline telephony circuit switch or other central offices, connected to the PSTN 124 network. Such central offices connect to wireline terminals, 
such as telephones, or any communication device compatible with a wireline. The PSTN 124 may also provide connections to long distance 

20 networks and other networks. 

The MSC m may also utilize IS/41 data circuits or trunks connecting to signal transfer point™, which in torn connects to a service 
control point 104, via Signaling System #7 (SS7) signaling links (e.g., trunks) for intelligent call processing, as one skilled in the art will 
understand. In the case of wireless AIM services such links are used for call routing instructions of alls interacting with the MSCm or any switch 
capable of providing service switching point functions, and the public switched telephone network (PSTH) 124, with possible termination back to 

25 the wireless network. 

Referring still to Fig. 4, the location center/gateway (LQ 142 interfaces with the MSC m either via dedicated transport facilities ift 
«pg, e& any number of LAN/MAN technologies, such as Ethernet, fast Ethernet, frame relay, virtual private networks, etc., or via the PSTN 124. 
The gateway 142 may receive autonomous (e&, unsolicited) command/response messages regarding, for example: (a) the state of the wireless 
network of each commercial radio service provider utifoing tiie LC 142 for wireless location services, (b) MS 140 and BS m radio frequency (RF) 
30 measurements, (c) communications with any MBSs 14s, and (d) location applications requesting MS locations using the location center/gateway 
141 Conversely, the LC 141 may provide data and control information to each of the above components in (a) - (d). Additionally, the LC 742 
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may provide location information to an NS 140. via a BS122. Moreover, in the case of the me of a mole base nation (MBS) 14?, several 
(ommanitatioiH path) may exist with the 1(141 

The MBS 148 may act as a low cost. partally-fiiBttional, moving hale station, and is, in one embodiment, situated in a vehicle (e&, 
larnl, water or aircraft) where an operator may enpge in MS 140 rarching and tracking aoiVitiei. In providing these activftie wing CDMA, the 
HBS 148 provides a forward Dnlc pilot channel for a target MS 140, and sotoapiently recdves unique BS pilot itrength measarenientt from the MS 
140. The MBS 148 also includes a mobile station 140 for data communication with the gateway 142, via a BS 121 In particular, snch data 
comnwnkation includes telemetering at least thegeographit position (or estimates thereof) of the MBSi/ft various Iff measurements related to 
signals received from the target MS140 , and in some eraBodiniems. MBS 14* estimates of tiie location of Hie target MS 140. in some 
embodiments, the MBS 148 mayutilize iiwltiple-beam fixed antenna array elements and/or a moveable narrow beam antenna, such as a 
mferowavefishife. Theaiwfwsochemlwdiiiminay have a known orientation in order to fnrdier deiluce a radio location of the target 
MS140 with respect to an estimated current location of the MBS 148- As wttl be described in more detafl herein belcw, the MBS 148 may further 
contain a satellite (eg., global positioning system (6PS)) receiver (or other receiver for non-terrestrial wireless signals) for determining the 
location of the MBS148 and/or providing wireless location assistance a target MS 140, e.g., providing6PS information to the MS to assist the MS in 
determining in location. Additionally, the MBS 148 may include distance senson, dead-reckoning electronia. as well as an on-btrard computing 
system and display devices for locating both the MBS 148 itseffas well as tracking and locating the target MS140. The computing and display 
provides a means for communicating the position of the target MS 140 on a map display to an operator of the MBS148. It ii important to note 
that in one embodiment, an MBS148 may determine its location substantially independent of the communications networks) with which the MBS 
comnranitates. 

Each location base station (IBS) ip is a low cost location device. In some embodiments, to provide such IBS's cost effectively, each IBS 
152. only partially or minimaHy supports the air-interface standards of the one or more wireless technologies tised in coranwnicating vrith both the 
BSs 122 and the MSs 140. Each IBS ijz, when put hi service, is placed at a fixed location, such as at a traffic signal, lamp post, etc, wherein the 
location of the IBS may be determined as accurately as, for cample, the accuracy of the locations of the infrastructure BSS122. Assoming the 
wireless technology, CDMA, is used, each BSmiises atime offset of the pflot PH sequence to identify a forward COMA pilot channel. In one 
embodiment, each LBS 151 emits a unique, time-offset pilot PH sequence channel in accordancewith the (DMA standard in the Iff spectrum 
designated for BSs 122, such that the channel does not interfere with neighboring BSs 122 cell site channels, and does not interfere with 
neighboring IBSs 152. Each LBS 152 may also contain multiple wireless receivers m order to monitor transmissions from a target MS 140. 
Additionally, each IBS 152. contains mobile station 140 electronics, thereby allowing the LBS to both be controlled by, e£, the gateway 142 or the 
wireless carriers) forthe LBS, and to transm'rtlnfbrmation to, e*., thegatewayip (via. e&, at least one neighboring BS122), or to another 
wireless location service provider such as one providing one or more fOfls. 

As mentioned above, when the location of a particular target MS 140 is desired, the gateway 142 may request location information 
about the target MS 140 from, for instance, one or more activated IBSs 152 in a geographical area of interest Accordingly, whenever the target 
HS140 is hi an LBS coverage area, or is suspected of being in the coverage area, either upon command from the gateways (or other location 
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service provider), or in a substantially continuous (or periodic) fashion, the LBft pilot channel appears to the target HS 140 as a potential 
neighboring base station channel and consequently, is placed, for example, in the COMA neighboring set, or the CDMA renaming set of the target 
MS 140 (as one familiar with the (DMA standards will understand). 

During the normal (DMA pilot search sequence of the mobile station initialtatioii state (in the target MS), the target MS 140 will, if 

5 within range of such an activated LBS 152, detect the LBS pilot presence during the COMA pilot channel acquisition substate. Consequently, the 
target MS 140 performs RF measurements on the signal from each detected LBS 152. Similarly, an activated LBS 19 an perform fff measurements 
on the wireless signals from the target MS 140. Accordingly, each LBS 19 detecting the target MS 140 may subsequeDdy telemeter back to the L( 
142 measurement results related to signals from/to the target HS 140. Moreover, upon command, the target MS 140 may telemeter tack to the 
gateway 142 its own measurements of the detected LBSs 152, and consequently, this new location Information, in conjunction with location 

10 related information received from the BSs 122, can beused to locate thetargetMSi40. 

It should be noted that an LBS 152 will normally deny hand-off requests, since typically the LBS does not require die added complexity 
of handling voice or traffic bearer channels, although economics and peak traffic load conditions may dictate preference here. Hote that 6PS 
timing information, needed by any (DMA base station, is either achieved via a the inclusion of a local 6PS receiver or via a telemetry process from 
a neighboring conventional BS 122, which contains a 6PS receiver and timing information. Since energy requirements are minimal in such an LBS 

1 5 152, (rechargeable) batteries or solar cells may be used to power the LBSs. further, no expensive terrestrial transport link is typically required 
since two-way communication is provided by an included MS 140 (or an electronic variation thereof) within each LBS. Thus, LBSs 152 may be 
placed In numerous locations, such as: 

(a) in dense urban canyon areas (e.g., where signal reception may be poor and/or very noisy); 

(b) in remote areas (e.g„ hiking, camping and skiing areas); 

20 (c) along highways [e.g., for emergency as well as monitoring traffic flow), and their rest stations; or 

(d) in general, wherever more location precision is required than is obtainable using other wireless infrastructure network 
components. 

Location (enter - Network Elements API Description 

A location application programming interface tj& (F(g. 4), denoted L-API, is may be provided between the location center/gateway 

25 142 (LQ and the mobile switch center (MSQ network element type, in order to send and receive various control, signals and data messages. The 
L-API may be implemented using a preferably high-capacity physical layer communications interface, such as IEEE standard 302.; (10 base! 
Ethernet), although other physical layer interfaces could be used, such as fiber optic ATM, frame relay, etc At least two forms of L-API 
implementation are possible. In a first case, the signal control and data messages are provided using the MS( 112 vendor's native operations 
messages inherent in the product offering, without any special modifications. In a second case, the L-API include a fill! suite of commands and 

30 messaging content specifically optimized for wireless location purposes, which may require some, although minor development on the part of an 
MS( vendor. 
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Signal Processor Desaiptioo 

Referring to fig. 17, a signal processing subsystem {labeled 7220 in other figures) may be provided (or accessed) by the gateway 141 
Such a signal processing subsystem may: (a) receive control messages and signal measurements from one or more wireless service provider 
networks, and (b) transmit appropriate control messages to such wireless networks via the location applications programming interface iji 
5 referenced earlier, for wireless location purposes. The signal processing subsystem mo additionally pro* various signal identification, 
conditioning and preprocessing functions, including buffering, signal type classification, signal filtering, message control and routing functions to 
the location estimating modules or FOHs . 

There on be several combinations of Delay Spread/Signal Strength sets of measurements made available to the signal processing 
subsystem 1220. In some cases a mobile station 140 (Fig. 1) may be able to detect up to three or four pilot channels representing three to four 
1 0 base stations, or as few as one pilot channel, depending upon the environment and wireless network configuration Similarly, possibly more than 
one BS m can detect a mobile station 140 transmitter signal, and the fact that nraltiple CMRS' base station etpipment commonly will overlap 
coverage areas. 

for each mobile station 140 or BStzi transmitted signal that is detected by a receiver group at a base or mobile station, respectively, 
multiple delayed signals, or "fingers* may be detected (eg., in (DMA) and tracked resulting from multipart radio propagation conditions from a 

1 5 given transmitter. In typical spread spectrum diversity (DMA receiver design, the V finger represents the most direct, or least delayed 
multipart signal. Second or possibly third or fourth fingers may also be detected and tracked, assuming the detecting base station and/ or mobile 
station 140 contains a flifftdent number ofdata receiven for doing so. The signal processing snbsystem may utilize various wireless sfenal 
measurements of transmissions between a target mobile station 140 and a network of base stations nz, 151 and/or 14$. Such measurements an 
be important in effectively estimating the location of mobile stations 140 in that it is well known that measurements of wireless signal 

20 propagation characteristics, such as signal strength (e,g., BSSI), time delay, angle of arrival, and any number other measurements, can 
individually lead to gross errors in MS 140 location estimates. 

Accordingly, one aspect of the present invention is directed toudlizing a larger number of wireless signal measurements, and utilizing 
a plurality of MS 140 estimation technic to compensate for location estimation errors generated by some such techniques. For example, due to 
the large capital outlay costs associated with providing three or more overlapping base station coverage signals in every possible location, most 

25 practical digital PO deployments r^nlt in fewer than three base station pilot channels being reportable in the majority of location areas, thus 
resulting in a larger, more amorphous location estimates by terrestrial triangulation systems. Thus, by utilizing wireless signal measurements 
from a variety of sources substantially simultaneously and/or "greedily" (it, use whatever signal measurements can be obtained from any of the 
signal sources as they are obtained), additional location enhancements can be obtained. For example, by enhancing a mobile station 140 with 
electronics for detecting satellite transmissions (as done with mobile base stations 148 and which also can be viewed as such an enhanced mobile 

30 station 140) additional location related signals maybe obtained from: 

(a) the 6PS satellite system, 

(b) the Global Navigation iatellite System (6L0HASS) satellite system, a Russian counterpart to the O.S. GPS system, and/or 
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(0 the imuran tar earth orbit satellite systems (If to) and medium earth orbit satdfite vystons (HEOs) soth as the IRIDIUM 
system being developed by Motorola Corp., the 6L0BALSTAR system by Loral and foalcomni, and the 1(0 satellite system by 1(0 
Global (omnwniations. 

Tims, by combining even insuffidait wireless location measurements from different wireless communication systems, accurate location of an MS 
5 140 h possible, for example, by if only two 6PS satellites are detectable, bot there is an additional reliable wireless signal measurement from, 
tg., a terrestrial base station 121, then by triangulating wing wireless signal measurements derived from transmissions from each of these three 
sources, a potentially reliable and accurate MS location can be obtained. 

Moreover, the transmissions from the MS 140 used for determining the Mi's location need not be transmitted to terrestrial base 
stations (eg., ial It h within the scope of the present invention that a target MS 140 may transmit location related information to satellites as 
1 0 welL For example, if a target MS 140 detects two 6PS satellite transmissions and is able to subsequently transmit the GPS signal measurements 
(e&, timing measurements) to an additional satellite capable of determining additional MS location measurements according to the signals 
received, to by performing a triangntation process at the location center/gateway up. (which may be co-located with the additional satellite, 
or at a remote terrestrial site), a potentially reliable and accurate MS location an be obtained. Accordingly, the present invention is capable of 
resolving wireless location ambiguities due to a lack of location related information of one type by utilizing supplemental location related 
1 5 information of a different type. Mote thatby "type" as used here it is intended to be interpreted broadly as, e& 

(a) a data type of location information, and/or 

(b) communications from a particular commercial wireless system as opposed to an alternative system, each such system having 
distinct groups of known or registered MS users. 

Moreover, it can be that different FOMs are provided for attest some wireless location computational models utilizing different types 
20 of location related information. For example, in certain contexts wireless networks based on different wireless signaling technologies may be used 
to locate an MS 140 during the time period of a single emergency call such as Moreover, in other contexts it may be possible for the target 
MS 140 to use one or more of a plurality of wireless communication networks, possibly based on different wireless communication technologies, 
depdingon availability the of technology in the coverage area. In particular, since so called "dual mode" or "tri-mode" mobile stations 140 are 
available, wherein such mobile stations are capable of wireless communication in a plurality of wireless communication technologies, such as 
25 dfeital CDMA, and/or TDMA) as well as analog or AMP/HAMPS, such mobile stations may utiHze a first (Iftely a default) wiretes 

communication technology whenever possible, but switch to another wireless communication technology when, tg., coverage of the first wireless 
technology becomes poor. Moreover, such different technologies are typically provided by different wireless networks (wherein the term 
"network" is understood to include a network of communication supporting nodes geographically spaced apart that provide a communitations 
infrastructure having access to information regarding subscribers to the network prior to a request to access the network by the subscribers). 
30 Accordingly, the present invention may include (or access) fOMs for providing mobile station location estimates wherein the target MS 140 
communicates with various networks using different wireless communication technologies. Moreover, such FOMs may be activated according to 
the wireless signal measurements received from various wireless networks ami/or wireless technologies supported by a target MS 140 and to which 
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there is a capably of communicating meanirements of nidi varied wireless spals to the FOH(s). Thus, in one embodunenrof the present 
invention, there may be a translation (or trilateration) based FOM for each of (DMA, TDMA and AMP/HAMPS which may be singly, serially, or 
concurrently for obtaining a particular location of an HS140 ata particular time (e&, for an E<pi call). Thus, when locating a target MS 140, 
the MS may, if there is overlapping coverage of two wireless communication technologies and the MS sopporo aromunications with both, 
5 repeatedly switch back and forth between the two therdiy providing additional wireless signal measurements for use in locating the target MS 
140. 

In one embodiment of the present invention, wherein multiple FOHs may be activated substantially simultaneously (or alternatively, 
wherever appropriate input Is received that allow particular FOMs to be activated). Note that at least some of the FOMs may provide "inverse" 
estimates of where a target MS 140 is not instead of where it is. Such inverse analysis can be very useful in combination with location estimates 

1 0 Indicating where the target IB is in that the accuracy of a resulting MS location estimate may be substantially decreased in size wheo such inverse 
estimates are utilized to rule out areas that otherwise appear to be likely possibilities for containing the target MS 140. Bote that one 
embodiment of a FOM that can provide such reverse analysis is a location computational model that generates target MS location etimates based 
on archived knowledge of bate station coverage areas (such an archive being the result of, e&, the compilation a RF coverage database - either 
via Bf coverage area simulations or field tests). In particular, such a model may provide target MS location inverse estimates having a hp 

1 5 confidence or likelihood that that the target MS 140 is not in an area since either a base station m (or 1$ can not detect the target MS 140, or 
the target MS can not detect a particular base station. Accordingly, the confidences or likelihoods on such estimates may be used by diminishing a 
likelihood that the target MS it in an area for the estimate, or alternatively the confidence or likelihood of all areas of interest outside of the 
estimate an increased. 

Note that in some embodiments of the present invention, both measurements of forward wireless signals to a target MS 140, and 
20 measurements of reverse wireless signals transmitted from the target MS to a base station can be utilized by various FOMs. hi some embodiments, 
the received relative signal strength (BRSy of detected nearby base station transmitter signals along the forward link to the target mobile 
station an be more readily used by the location estimate modules (FOMs) since the transmission power of the base stations 122 typically changes 
little during a communication with a mobile station. However, the relative signal strength (fifty of target mobile station transmissions 
received by the base stations on the reverse link may require more adjustment prior to location estimate model use, since the mobile station 
25 transmitter power level changes nearly contiiraously. 

LOCATION CEHTIB HI6H LEVEL FUHO10HAU1Y 

At a very high level the location center/gateway 142 conptes (or requests computation of) location estimates for a wireless mobile 
- station 140 by performing at feast some of the following steps: 
(13.0) receiving an MS location request; 
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&i) receiving measurements of signal transmission characteristic of coninninications communicated between the target MS 140 and one 
or more wireless infrastructure base stations 122. Note, this step may only be performed if the gateway provides such measurements to a FOM 
(e&, a FON co-located therewith); 

(3.2) filtering the received signal transmission characteristics (by a signal processing subsystem 1220 illustrated in, e& Rp. 5 and 30) as 
5 needed so that target Mi location data on be generated that is uniform and consistent with location data generated from other target MSs 140. 
In particular, such uniformity and consistency is both in terms of data structures and interpretation of signal characteristic values provided by the 
Mi location data, as will be described hereinbdow. Note, this step may also only be performed if the gateway provides such measurements to a 
FON. Otherwise, such fON is likely to perform such Altering; 

(23.3) inputting the generated target Mi location data to one or more Mi location estimating models (FOMs, labeled collectively as 1224 in 
1 0 fig. j), so that each such fOM may ose the input target Mi location data for generating a "location hypothesis" providing an estimate of the 
location of the target Hi 140. Note, this step may also only be performed if the gateway provides such measurements to a FOM; 
(234) receiving the resulting location hypotheses from the activated fOMs, and providing the generated location hypotheses to an hypothesis 
evaluation module (denoted the hypothesis evaluator nii in Fig. 5) for: 



1 5 values of the location hypotheses, wherein for each location hypothesis, its confidence value indicates the confidence or likelihood that the target 
Mi is located in the location estimate of the location hypothesis. Moreover, note thatsuch adjusting uses archival information related to the 
accuracy and/or reliability of previously generated location hypotheses; 

(b) (optionally) evaluating the location hypotheses according to various heuristics related to, for example, the radio coverage 
area 120 terrain, the taws of physics, characteristics of likely movement of the target Mi 140; and 

20 (c) (necessarily) determining a most likely location area for the target Mi 140, wherein the measurement of confidence 

associated with each input Mi location area estimate may be used for determining a "most likely location area"; and 
foj) outputting a most likely target Mi location estimate to one or more applications 146 (Fig. 5) requesting an estimate of the location of 
the target Mi 140. 

Location Hypothesis Data Representation 
25 In order to describe how the steps (2}.i) through (23.5) are performed in the sections below, some introductory remarks related to 

the data denoted above as location hypotheses will be helpful. Additionally, it will also be helpful to provide introductory remarks related to 

historical location data and the data base management programs associated therewith. 

for each tatget Mi location estimate generated and utilised by the present invention, the location estimate is provided 

in a data structure (or object class) denoted as a "location hypothesis" (illustrated in Table Ui-i). Brief descriptions of the data fields 
30 for a location hypothesis is provided in the Table LH-i. 



(a) 




Table LH-i 
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flUIJ 


Rnt order model ID (providing this location Bypotftesij); note, since it is 

HflftfMp filt tnrcrinn hvnnfrhpfPt tn hp ffpnpwtwf hv rtthwr than Hip FflMi 

1224, in general, this field identfffes ttie module to generated this Mob 
hypothesis. 


flij 


The identification of the tarjet MS 140 to this location hypothesis applies. 


pt_et 


The most Ifely location point estimate of the target MS 140. 


valid nf 


oMwi ifluiuuHg me vaiiuiiy of T»r_esr . 


areajsr 


tucation ^rea Estimate of tfte tarter KS 140 provided by tfte FOft Marca 
esnmate win oe usee wnenercr iinj|ge_are3 DewwistluiL 


valid jrea 


Boolean indiatingthe validity of "area jsf (one of "pr_esf and 
*areajsf must be valid). 


adjust 


Boolean (true if adjustments to the fields of this location hypothesis are to be 
performed in the (ontextadjuster Module). 


prjoveriitg 


Reference to a substantially minimal area (eg., mesh cell) covering of 
*pt_esf* . Bote, since this MS 140 may be substantially on a cell boundary, 
this covering may, in some cases, indude more than one ceil. 


im^ejrea 


Reference to a substantially minimal area (eg., mesh cell) covering of 
"ptjoveriog" (see detailed description of the function, 
tt confidencej4ju$ter). Bote that if this field is not MULL, then this is the 
taijet ffi toon estimate used by the location center 142 instead of 
"areajst". 


extrapolation jrea 


Reference to (if non-ill) an extrapolated W target estimate area provided 
by the location extractor submodule 1432 of the hypothesis analyzer 132. 
That is, this field, if non-PU, Is an extrapolation of the InRgejrea" field 
if it exists, otherwise this field is an extrapolation of the "area jest" field, 
tlote other extrapolation fields may also be provided depending on the 
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embodiment of the present invention, such as an extrapolation of the 
"ptjoverinjf. 


confidence 


In one embodiment, this is a probability indicating a likelihood that die 
target Hi 140 is in (or out) of a particular area. If "image jrea" exists, 
then this h a measure of the likelihood that the target Hi 140 is within the 
area represented by "image jrea", or if "iraagejrea" lias not been 
computed (e&, "adjust" Is FAISE), then "areajsf must be valid and this is 
a measure ofthe likelihood that the target MS 140 is within the area 
represented by "area jsf. Other embodiments, are alto within the scope 
ofthe present invention that are not probabilities; e.g M translations an(/or 
expansions ofthe [o, 1] probability range as one skilled in the art will 
understand. 


Originaljimestamp . 


Date and time that the location signature cluster (defined hereinbelow) for 
this location hypothesis was received by the signal processing subsystem 1220. 


Active Jimestamp 


Run-time field providing the time to which this location hypothesis has had 
its MS location estimate^ extrapolated (in the location extrapolator 14^2 of 
the hypothesis analyzer^). Bote that this field is initialized with the 
value from the "Originaljimestamp 1 ' field. 


Processing Tags and 

environmental 

categorizations 


For indicating particular types of environmental classifications not readily 
determined by the "Originaljimestamp'' field (e.g., weather, traffic), and 
retrMons on location hypothesis processing. 


loc sie cluster 


Provides access to rte collection of location signature signal characteristics 
derived from communications between the target MS 140 and the base 
stations) detected by this MS (discussed in detail hereinbelow); in particular, 
the location data accessed here is provided to the first order models by the 
signal processing subsystem 1220; le., access to the "locsigs" (received at 
"timestamp" regarding the location of the target MS) 


descriptor 


Original descriptor (from the First order model indicating why/tow the 
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Location Area Estimate and Confidence Value were determined). 



As on be seei in the Table UK each barton hypothesis data structure includes at least one measurement, denoted 
hereinafter as a confidence value (or simply confidence), that is a measurement of the perceived likelihood that an MS location 
stimate in the location hypothesis is an accurate location estimate of the target US 140. Since, in some embodiments of the 

5 invention, such confidence values are an important aspect, much of the description and use of such confidence value are described 
below; however, a brief description Is provided here 

In one embodiment, each confidence value is a probability indicative of a likeliness that the target MS 140 resides within 
an geographic area represented by the hypothesis to which the confidence value applies. Accordingly, each such confidence value is 
in the range [0, 1]. Moreover, ftr clarity of discussion, it is assumed that unless stated otherwise that the probabilistic definition 

1 0 provided here is to be used when confidence values are discussed. 

Note, however, other definitions of confidence values are within the scope of the present invention that may be more 
general than probabilities, and/or that have different ranges other than [0, 1]. For example, one such alternative is that each such 
confidence value is in the range -1.0 to 10, wherein the larger the value, the greater the perceived likelihood that the target MS 
140 is in (or at) a corresponding MS location estimate of the location hypothesis to which the confidence value applies. As an aside, 

1 5 note that a location hypothesis may have more than one MS location estimate (as will be discussed in detail beiow) and the 
confidence value will typically only correspond or apply to one of the MS location estimates in the location hypothesis. Further, 
values for the confidence value field may be interpreted as: (a) -1.0 means that the target MS 140 is HOT in such a corresponding MS 
area estimate of the location hypothesis area, (b) 0 means that it is unknown as to the likelihood of whether the MS 140 in the 
corresponding MS area estimate, and (c) +10 means that the MS 140 is perceived to positively be in the corresponding MS area 

20 estimate. 

Additionally, in utilizing location hypotheses in, for example, the location evaluator mi as in fe.4) above, itis 
important to keep in mind that for confidences, $ and (f v if cf, < = c£, then for a location hypotheses H, and \ having cf, and 
c£, respectively, the target MS 140 is expected to more likely reside in a target MS estimate of tf^ than a target MS estimate of H,. 
Moreover, if an area, A, is such that itis included in a plurality of location hypothesis target MS estimates, then a confidence score, 
25 (S h can be assigned to A, wherein the confidence score for such an area is a function of the confidence for all the location 
hypotheses whose (most pertinent) target MS location estimates contain A. That is, in order to determine a most likely target MS 
location area estimate for outputting from the location center/gateway 142, a confidence score is determined for areas within the 
location center/gateway service area. 



(overage Area: Area Types And Their Determination 
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The notion of "area type" as related to wireless signal transmission characteristics has ken used in many investigations 
of radio signal transmission characteristics, tee investigators, when investigating such signal characteristics of areas have used 
somewhat naive area classifications such as urban, suburban, rural, etc However, it is desirable ftr the purposes of the present 
invention to have a more operational dtfinition of area types that is more closely associated with wireless signal transmission 
5 behaviors. 

To describe embodiments of the an area type scheme that may be used in the present invention, some introductory 
remarks are first provide! Note that the wireless signal transmission behavior for an area depends on at least the following 
criteria: 

(23.8.1) substantially invariant terrain characteristics (both natural and man-made) of the area; e&, mountains, 
10 buildings, lata, highways, bridges, building density; 

(23.8.2) time varying environmental characteristics (both natural and man-made) of the area; eg., foliage, traffic, 
weather, special events such as baseball games; 

wireless communication components or infrastructure hi the area; eg., the arrangement and signal " 
communication characteristic of the base stations 122 in the area {e.g., base station antenna downtilt). Further, 
15 the antenna characteristic at the base stations 122 may be important criteria. 

Accordingly, a description of wireless signal characteristics for determining area types could potentially intfude a 
characterization of wireless signaling attributes as they relate to each of the above criteria. Thus, an area type might be hilly, 
treed, suburban, having no buildings above $0 feet, with base stations spaced apart by two miles. However, a categorization of area 
types is desired that is both more closely tied to the wireless signaling characteristics of die area, and is capable of being computed 
20 sutstanttalty autamattcaily amf repeatedl/ over time Moreover, for a wireless location system, the primary wireless sfenaling 
characteristic for category areas into at least minimally similar area types are thermal noise and, more importantly, multipart 
characteristic (eg., rauitipath fade and time delay). 

Focusing for the moment on the multipart characteristic, it is believed that fe.8.i) and feJLj) immediately above 
are, in general, more important criteria for accurately locating an MS 140 than (23I2). That is, regarding fe.ii), multipart 
25 tends to increase at the density of nearby vertical area changes increases, for example, multipart is partalarty problematic where 
there is a high density of high rise buildings and/or where there are closely spaced geographic undulations. In both cases, the 
amount of change in vertical area per unit of area in a horizontal plane (for some horizontal reference plane) may be high. 
Regarding felj), the greater the density of base stations 122, the less problematic multipart may become in locating an HJ 140. 
Moreover, the arrangement of the base stations 122 in the radio coverage area 120 in Fig. 4 may affect the amount and severity of 
30 multipart. 

Accordingly, it would be desirable to have a method and system for straightforwardly determining area type 
classifications related to multipart, and in partiailar, multipart due to (23.8.1) and (g.83). The present invention pro* sort a 
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determination by utilizing a novel nottoo of area type, hereinafter denoted "transmission area type" (or, 'area type" when boffi a 
generic arta type dasilflation tdieme and the tramintetoa area type dijcBKed fierebiafter are intended) for datiifying "slmiJar" 
areat, wherein each trararoittion area type rtan or category h intentfed to docribe an area haviBg atleast raioimalty similar 
wireless signal tnnsmission draracteristics. That *«, the novel transmission area type scheme of the present invention is based on: 
(a) the terrain area cbttHicatioiB; e^.. the terraia of an area sarroanding a target MSm 0>) the conRguration of base jtatiaro 
Tain the radio coverage areanund (c) draracterfeationi of the wirelew signal tramraission pathsbcween a targets 

location and the base ttatiom izz. 

tn one embodiment of a method and system fbrdetermlniiigsuch (transmission) area type approxiraations, a partition 
(denoted hereinafter as PJ ft hnposed nponthe radio coverage area no for partitioning for radio coverage area into wbareai, 
wherein each wbarea » an otimate of an area having faduded MS iao toatiom that are Ulcdy to nave h at leatt a miniiral araoant 
of sirailarfty in their wirelew lignaBag characterirtia. To obtain the partition P. of the radio coverage area no. the flflltrwing iteos 
are performed: 

(23.84.1) Partition the radio coverage area no into subareas, wherein in each tobarea ft: (a) connected, (0) the 
jobara k nottoo oblong, t&, the vartationt in the lengths of chords lettloning the subarea through the 
centroid of the sobarea are below a predetermined threshold, (c) the size of the subarea is below a 
predetermined valne, and (d) for most locations (e.g, within a first or second deviation) within the subarea 
whotewtreleB rtgnalirtgcharacteTfetia havebeen verified, ttis ffltdy (tg.,within a fimror secomt deviation) 
that an HJ 140 at one ofthese locations will detect (jiiriard transmission path) and/or will be detected 
(revene trantmitilon path) by a tame collection of base itattont for example, tn a CDMA context, a tint 
inch collection maybe (Ibrthe forward transmission path) the active set ofbasestations^or.the anion of 
the active and candidate sets, or, the anion of the active, candidate and/or remaining sets of base stations to. 
detected by V HSt?4Aia. Additionally (or alternatively), a second snch collection may be the base 
stationsiuthatare expected to detect Mis 140 at locations within the sobarea. Of coune, thennion or 
intersection of the first and second collections « also within the scope of the present invention for partitioning 
the radio coverage area no according to (d) above. It K worth noting that itis beBeved that baie nation 121 
power levels will besnbstantially constant However, even if thh it notthe case, one or more cottecttons for (d) 
above may be determined empirically and/or by computationally simulating the power output of each base 
stationm at a predetermined level. Moreover, it is also worth mentioning that this step is relatively 
straiglttfbrward to imptement nsnig the data stored in the location signature data baie ^20 p-t. the verified 
location signature dusters discussed in detail hereinklow). Denote the resulting partition here as P r 
(ij.84.2) Partition the radio coverage area 120 into subareas, wherein each subarea appears to have ntbstantlally 
homogeneous terrain characteristics. Note, this may be performed periodically substantially automatically by 
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scanning radio coverage area images obtained from aerial or satellite imaging. For example, EarthWatch Inc. of 
Longmont, CO can provide geographic with 3 meter resolution from satellite imaging data. Denote the 
resulting partition here as t v 

(23.8.4.^) Overlay both of the above jartitioas, P, and of the radio coverage area too to obtain oew sobaras that are 
intersections of the subareas from each of the above partitions. This new partition b P 0 (It, P 0 = P, intersect 
PJL and the subareas of it are denoted as "P, satareas". 

How assuming P ( has been obtained, the subareas of P 0 are provided with a fint classification or categorization as 

(23.844) Determine an area type categorization scheme for the subareas of P r For example, a subarea, A, of P v may 
be categorized or labeled according to the number of base stations 122 in each of the collections used in 
(23.84.1P above for determining snbareas of P T Thus, in one such categorization scheme, each category may 
correspond to a single number x (such as 3), wherein for a subarea, A, of this category, there is a group of x 
(e&, three) base stations 122 that are expected to be detected by a most tatjet MSS140 in the area A. Other 
embodiments are also possible, such as a categorization scheme wherein each category may correspond to a 
triple: of numbers such as fe, z, i), wherein for a subarea A of this category, there is a common group of 5 base 
stations 122 with two-way signal detection expected with most locations (eg., within a first or second 
deviation) within A, there are 1 base stations that are expected to be detected by a target ftt 140 in A but 
these base stations can not detect the targets and there is one base station 122 that is expected to be able to 
detect a target HJ in A but not be detected. 

(23.84.5) Determine an area type categorization scheme for the subareas of P r Mote that the subareas of P 2 may be 
categorized according to their similarities In one embodiment, such categories may be somewhat similar to 
the naive area type mentioned above (e.g., dsise urban, urban, suburban, rural, mountain, etc). However, it 
is also an aspect of the present invention that more precise categorizations may be used, such as a category for 
all areas having between 20,000 and 30,000 square feet of vertical area change per n,ooo square feet of 
horizontal area and also having a high traffic volume (such a category likely corresponding to a "moderately 
dense urban" area type). 

(23.84.6) Categorize subareas of P D with a categorization scheme denoted the M P 0 categorfeation," wherein for each P 0 
subarea, A, a "P 0 area type" is determined for A according to the following substep(s): 

(a) Categorize A by the two categories from (23.844) anl (23.8.5) with which it is identified. Thus, A 
is categorized (in a corresponding P, area type) both according to its terrain and the base 
station infrastructure configuration in the radio coverage area 720. 

(23.84.7) For each P fl subarea, A, of P 0 perform the following step(s): 
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(a) Determine a centroid, ((A), for A; 

(b) Determine an approximation to a wirelen traramisiion path between ((A) and each base station 
122 ofa predetermined groap of bate stations expected to be in (one and/or two-way) signal 
comnraDiati'on with most target HI 140 locations in A. For example, one such approbation is 

5 a straight line between ((A) and each of the base stations 122 in the group. Howarer, other 

siich approximations are within the scope of the present invention, such as, a generally 
triangular shaped area as the Mission path, wherein a first vertex of this area is at the 
corresponding base nation lor thetransrahsion path, and the sides of the generally triangular 
shaped defining the first vertex have a smallest angle between them that allows A to be 

10 completely between these sides. 

(c) for each base station m, 85,, in thegroup mentioned in (b) above, create an empty list, BVIist, 

and pot on this lilt at least the P„ area types for the "slgnffkant" P.subareas crossed by the 
transmission path between ((A) and b\ liote that "significant" P, subareas may be defined as, 
lor example, the P 0 subareas through which at least a minimal length of the transmission path 
! 5 traverses. Alternatively, such "significant" P, subareas may be defined as those P.subareas that 

additionally are know or expected to generate substantial multipart. 

(d) Assign as the transmission area type (or A as the collection of BMists. Thus, any other P 0 subarea 

having the same (or substantially similar) collection of fists of P, area types will be viewed as 
having approximately the same radio transmission characteristics. 

20 Bote that other transmission signal (haracteristics may be incorporated into the transmission area types, for example, 

thermal noise characteristics may be indoded by providing a third radio coverage area no partition, P,, in addition to the 
partitions of P, and P, generated in 13.84.1) and (23.M respectively. Moreover, the time varying characteristics of (22.8.2) 
may be incorporated in the transmission area type frame work by generating multiple versions of the transmission area types such 
that the transmission area type tor a given subarea of P, may change depending on the combination of time varying environmental 

25 characteristics to be considered in the transmission area types. For instance, to account for seasonality, four versions of the 
partitions P, and P, may be generated, one fir each of the seasons, and subsequently generate a (potentially) different partition P, 
for each season Further, the type and/or diaracterorJo of bate station 122 antennas may also be included in an embodiment of the 
transmission area type. 

Other embodiments of area types are also within the scope of the present invention. As mentioned above, each of the 
30 firstordermodelsi224 have default confidence values associated therewith, and these confidence values may be probabilities. More 
precisely, such probability confidence values an be determined as follows. Assume there is a partition of the coverage area into 
sabareas. each sabarea being denoted a "partition area." For each partitiott area, activate each firstorder model 1224 with 



WO 01/95642 PCT/US01/17957 



38 

historical location data in the location Signature Data Base i#o (fig. 6), wherein the historical location data has been obtained 
from corresponding Known mobile station locations in the partition area. For each first order model, determine a probability of the 
first order model generating a location hypothesis whose location estimate contains the corresponding known mobile station 
location. To accomplish this, assume the coverage area is partitioned into partition areas A, wherein each partition area A is 

5 specified as the collection of coverage area locate such that for each location, the detected wireless transmissions between the 
network base stations and a target mobile station at the location an be straightforwardly equated with other locations of area A. 
For example, one such partition, P 0> an be dtfined wherein each partition area A is specified in terms of three sets of base station 
identifiers, namely, (a) the base station identifiers of the base stations that can be Mdetected at each location of A and can 
detect a target mobile station at each location, (b) the identifiers for base stations that can detect a target mobile station at each 

i o location of A, tat can not be detected by the target mobile station, and (t) the identifiers for base stations that an be detected by a 
target mobile station at each location of A, but these base stations an not detect the target mobile station. That li, two locations, 
I, and V are identified as bang in A if and only if the three sets of (a) t (b), and (c) for I, are, respectively, identical to the three sets 
of(a),(b), and (c) fori,. 

Accordingly, assuming the partition P 0 is used, a description can be given as to how probabilities may be assigned as the 
is confideiice vahies of location hypotheso goierated by the ftnt order models 1224. Foreach partition area A, a first order model 
1224 is supplied with wireless measurements of archived location data in the Location Signature Data Base associated with 
corresponding verified mobile station locations. Thus, a probability an be determined as to how likely the ftnt order model is to 
generate a loation hypothesis having a location estimate containing the corresponding verified mobile station location. 
Accordingly, a table of partition area probabilities an be determined for each first order model 1224. Thus, when a loation 
20 hypothesis is generated and identified as belonging to one of the partition areas, the corresponding probability for that partition 
area may be assigned as the confidence value for the loation hypothesis. The advantages to using actual probabilities here is that, as 
will be tossed below, the most likelihood estimator 1*44 an compute a straightforward probability for each distinct intersection 
of the multiple location hypotheses generated by the multiple first order models, such that each such probability indicates a 
likelihood that the target mobile station is in the corresponding intersection. 

25 Loation Information Data Bases And Data 

loation Data Bases Introduction 

It is an aspect of the present invention that Mi loation processing performed by the loation center/gateway 142 should become 
focreasiitfy better at looting a target MJ 140 both by (a) building an increasingly more detailed modd of the signal characteristics of locations in the 
service area for the present invention, and also (b) by providing capabilities for the loation center processing to adapt to environmental changes. 
30 One way these aspects of the present invention are reafed is by providing we or more data base management systems and data bases for: 



WO 01/95642 PCTAJS01/17957 



39 

(a) storing and asiraattng wirdess Mi signal characteristics with known locations of His 140 used in providing the signal 
characteristics, inch stored assertions may not only provide an increasingly better model of the signal characteristics of thegeograpliy of the service 
area, botatso provide an inaeastngly better model of more cfiaqgjeabte s'tgiBl characteaisttc affecting enyironmcntal facton «ch as wcatber, seasons, 
and/or traffic patterns; 

5 (b) adaptfvety updating the signal characteristic data stored so that it reflects changes in the environment of the service area such 

as, for example, a new high rise building or a new highway. 

Reining ?gain to Rg. $ of the collective representation ef these data bases is the location information data bases W- tnctafed among 
these data bases is a data base for providing training and/or calibration data to one or more trainable/Qiratable FOMs 1224, as well as an archival 
data base for archiving historical Mi location inftaation related to the performance of the FOMs. These data bases wOI be discussed as necessary 

10 hereinbelow. Howeyer, a further britf bitroclaction to the ardiival data base is (H-ovided here. Accortfipgly, the term, "loation signature data base" is 
used hereinafter to denote the archival data bate and/or data base management system depending on the context of the taiion. The location 
signature data base (shown in, for cample, Rg. 6 and labeled i#o) is a repository for wireless signal characteristic data derived from wireless signal 
communications between an MS 140 ami one or more toe stations w, wherein the corresponding location of the Mi 140 is known and also stored in 
the location signature data baserjzo. More particularly, the locatioD signature data baseipo associates each such Known Mi location witii the wireless 

1 5 signal characteristic data derived from wireless signal communications between the Hi 140 and one or more base stations 122 at this Mi location 
Accordingly, it is an aspect of the present invention to utilize such historical Mi signal location data for enhancing the correctness ami/or confidence of 
certain location hypotheses as will be described in detail in other sections below. 

Data Representations for the Location Signature Data Base 

in one embodiment; there are four fundamental entity types (or object classes in an object oriented programming paradigm) utilized in 
20 the location signature data base ipo. Briefly, these data entities are described in the tens (24.1) through (244) that follow: 

(24.1) (verified) location signatures: Each such (verified) location signature describes the wireless signal characteristic measurements between a 
given bate station (e^. t BS 122 or IBS 152) and an MS 140 at a (mgied or known) location associated with the (vfrijied) location s^nature. That Is, a 
verified location signature corresponds to a location whose coordinates such as latitude-longitude coordinates are known, while simply a location 
signature may have a known or unknown location corresponding with it Dote that the term (verified) location signature is also denoted by die 
25 abbreviation, "(verified) locsif hereinbelow; 

(24.1) (verified) location signature clusters: Each such (verified) location signature duster includes a collation of (verified) location signatures 
corresponding to all the location spares between a target MS 140 at a (possibly verified) presumed substantially stationary location and each BS 
(e& 122 onjz) from which the target MS 140 an detect the BS's pilot channel regardless of the classification of the BS in the target MS (Le, for 
(DMA, regardless of whether a BS is in the Mi's active, candidate or remaining base station sets, as one skilled in the art will understand). Mote that for 
30 simplicity here, it is presumed that each location signature duster has a single fixed primary base station to which the target MS 140 synchronizes or 
obtains its timing; 
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(243) "corapostte locatton objects (or entities)": ^d) igdi entity U a more genera! entity than the voided bation qgnatnre duster. Anobject 
of this type is a collection of (verified) location sigiHturo that are associated with the same MS 140 at rabstantially the same location at the same time 
and each such loc sigh associated with a different base station. However, there is no requirement that a loc sig from each BS 122 for which the Ml 140 
can detect the BS's pilot channel is included in the "composite location object (or entity)"; and 
5 (244) Ml location estimation data that induds IIS location estimates output by one or more Ml location estimating first order models 1224 such 
Ml location estimate data is described in detail hereiiMw. 

It is important to note that a loc tig is, in one embodiment, an instance of the data structure containing the signal characteristic 
measurements output by the signal filtering and normalizing subsystem also denoted as the signal processing subsystem 1220 describing the 
signals between: (i) a specific base station 122 (K) and (ii) a mobile station 140 (HS), wherein the BS's location h known and the Mi's location is 

] 0 assumed to be substantially constant (during a 2-$ second interval in one embodiment of the present invention), during communication with the 
Ml 140 for obtaining a single instance of loc sig data, although the Ml location may or may not be known Further, for notational purposes, the 
Bl 122 and the Ml 140 for a loc tig hereinafter mil be denoted the 11 associated with the loc sig" , and the "Ml associated with the loc sif 
respectively. Moreover, the location of the HI 140 at the time the loc tig data is obtained will be denoted the "location associated with the loc 
sig 0 (this location possibly beii$ unknown). 

1 5 Note that additional description of this aspect of the present invention can be found in one of the following two copending DA patent 

applications which are incorporated herein by reference: (a) "location Of A Mobile Station" filed Nov. 24, 11)99 having Application No. 
09/194,^67 whose inventors are D. J. Dupray and C L Karr, and (b) "A Wireless Location System For Calibrating Multiple Location Estimators" 
filed October 21, 1998 having Application No. 09/17^87 whose inventor is D. J. Dupray, wherein these copending patent applications may have 
essential material for the present specification. In particular, these copending patent applications may have essential material relating to the 

20 location signature data base 1320. 

location (enter Architecture 

Overview of location Center/Gateway Functional Components 

Fig. 5 presents a high level diagram of an embodimentof the location center/gateway 142 and tfte location engine 139 in the context of the 
infrastructure for the entire location system of the present invention. 
25 It is Important to note thatthe architecture for the location center/gateway 142 and the location engine provided by the present 

invention is designed for extensibility and flexibility to that Ml 140 location accuracy and reliability may be enhanced as further location data become 
available and as enhanced Ml location techniques become available. In addressing the design goals of extensibility and flexibility, the high level 
architecture for generating and processing Ml location estimates may be considered as divided into the following high level functional groups described 
hereinbelow. 
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low Level Wireless Signal Processing Subsystem for Receiving anil Conditioning Wireless Signal Measurements 

A first functional pup of location ape modules is for performing signal processing and filtering of MS location signal data received 
from a conventional wireless (e& (DMA) infrastructure, as discussed in the steps (23.1) and (zj.2) above. This group is denoted the signal processing 
subsystem™ herein. One embodiment of such a subsystem is described in the U.S. copending patentapplitation titled, "Wireless location Using A 
5 PtaraBty (tf Gunmerdal Hetwork Infrastmourts " b/ F, H. LeBlanc, Oapray and Karr filed Jaa 2Z, and having Ui- Patent Ho. 6^6365. Hote 
that this copending patent application is incorporated herein entirety by reference since it may contain essential material for the present invention.. 
In particular, regarding ttte signal processing subsystem 20. Hote^ howerar» that the signal processing subsystan may be unnoessary for the gateway 
142 unless the gateway supplies wireless location signal data to one or more FOMs. 

Initial location Estimators: firstOrder Models 

10 A second functiona) group of madoles at teast accessible by the tocation engine 159 are the F071 1224 fi*r generating various taig^MS 140 

location initial estimates, as described in step (2&). A brief description of some types of first order models is provided immediately below. Hote that 
fig. 8 illustrates another, more detail view of an embodiment of the fetation coiter/gateway 142 for the present invention. In particular, this figure 
fflustrates some of the FOMs 1224 at least aaessible 0)ut not necessarily co-located with the other location center/gateway modules shown in this 
figure), and additionally illustrates the primary communications with other modules of the gateway. However, it is important to note that the present 

1 5 invention is not limited to the FOMs 1224 shown and discussed herein. That is, it is a primary aspect of the present invention to easily incorporate FOMs 
using other signal processing and/or computational location estimating techniques than throe presented herein. Further, note that each FOM type may 
have a plurality of its MS location estimating models (atleast) accessible by the gateway 142. 

for example, (as will be described in further detail below), one such type of model or FOM 1224 (hereinafter models of this type are 
referred to as "terrestrial communication station offset (TOO) models'' or "terrestrial communication station offset (160) first order models", or 

20 "terrestrial communication station offset (KSO) FOMs") may be based on a range, offset, and/or distance computation such as on a base station signal 
reception angle determination between the target MS 140 from each of one or more base stations. Basically, such KSO models 1224 determine a 
location estimate of the target MS 140 by determining an offset from each of one or more base stations 122, possibly in a particular direction from each 
(some of) the base stations, so that, e.g., an intersection of each area locos defined by the base station offsets may provide an estimate of the location of 
thetargetMS. TCOfOMs 1224 may compute such offsets based on, e& 

25 (a) signal timing measurements between the target mobile station 140 and one or more base stations 122; e&., timing measurements such 

as time difference of arrival (TDOA), ortime of arrival (TOA). Hote that both forward and revene sfenal path timing measurements 
may be utilized; 

(b) signal strength measurements (tg., relative to power control settings of the MS140 an(/or one or more BS122); and/or 
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(c) signal angle of arrival measuranaits, or range thereof, at one or more base stations 122 (such angles ani|/or angular ranges provided 
by, e& tase station antenna sectors having angular range of wf or 6o f , or, so ailed "SMART antennas" with variable angular 
trammhsitm ranges 2* toizo^. 

Accordingly, a terrestrial comniuniQtion station offset (TOO) model may utilize, e& triangulation or trilatffation to compute a location hypothesis 
5 loving either an area location or a point location for an estimate of the target MS 140. Additionally, in some embodiments location hypothesis may 
include an estimated error. 

Another type of fDH 7224 is a statistically based ftrtt order model 1224 whra a statistical technique, such as regression techniques (e&, 
least squares, partial least squares, principle decomposition), or e&, Bollenger Bands (e&, for computing minimum and maximum base station offsets). 
In general, models of this type output location hypotheses determined by performing one or more statistical techniques or comparisons between the 

1 0 verified location signatures in location signature data base i£o, and the wireless signal measurements from a target Ml Models of this type are alto 
referred to hereinafter as a "stochastic signal (first order) model" or a "stochastic HIM" or a "statistical modeL" Of course, statistically based FOMs 
may be a hybrid combination with another type ofFOM such as a TOO fOft 

Still anotto type of F OM 1224 is an adaptive learning model, such at an artificial neural net or a genetic algorithm, wherein the FO/1 may 
be trained to recognize or associate each of a plurality of locations with a corresponding set of signal characteristics for communications between the 

is target IIS 140 (at the location) and the base stations izz. Moreover, typically such a POM is expected to accurately interpolate/extrapolate target MS 
140 location estimates from a set of signal characteristics from an unknown target Mi 140 location. Models of this type are alto referred to hereinafter 
variously as "artificial neural net models" or "neural net models" or "trainable models" or learning models " Note that a related type of FOM 1224 is 
based on pattern recognition. These FOMs can recognize patterns in the signal characteristics of communications between the target MS 140 (at the 
location) and the base stations 122 and thereby estimate a location area of the target MS. However, such FOMs may not be trainable. 

20 Yet another type of FOM 1224 can be based on a collection of dispersed low per, low cost fixed location wireless transceivers (also denoted 

"location base stations 151" hereinabove) thatare provided for detectinga target MSi4o in areas where, e& there is insufficient base stations 
infrastructure coverage for providing a desired level of MS 140 location accuracy. For example, it may uneconomical to provide high traffic wireless 
voice coverage of a typical wireless base station 722 in a nature preserve or ata gir ground drat is on^r populated a few days out of the year. However, 
if such low cost location base stations is^ can be dirated to activate and deactivate via the direction of a FOM 1224 of tte present type, then these 

2 5 Moo base stations can be osed to both location a target MS 140 and also provide indications of where the target MS is not for example, if there are 
location base stations 151 populating an area where the target MS 140 is presumed to be, then by activating these location bate stations i& evidence 
may be obtained as to whether or not Die target MS is actually in the area; e.g, if the target MS 140 is detected by a location base station ip, then a 
corresponding location hypothesis ton? a location estimate corresponding to the coverage area of the location base station may have a very high 
confidence value. Alternatively, if the target MS 140 is not detected by a location base station 152, then a corresponding location hypothesis having a 

30 location estimate corresponding to the coverage area of the location base station may have a very low confidence value. Models of this type are referred 
to hereinafter » "location base station models." 
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ret another type of H)N 1224 can be based on input from a mobile base nation 148, wherein location hypotheses may be generated from 
target ft 140 location data retired from the mobile base station 148. 

Mil other types of POM 7224 can be based on various techniques for recognizing wrdess signal measurement patterns and associating * 
particular patterns with locations hi the coverage area no. for example, artificial neural networks or other learning models can used as the basis for 
5 various FOMs. 

Hote that the POM types moitioned h^e as well as other PDM types are dbcussed in detail hereinhelow. Moreover,itis important© keep 
in mind that in one embodiment of the praett invsition, the substantially simultaneous use or activation of a potentially large numbar of such first 
order models 1224, may be able to enhance both the reliability of location estimates and the accuracy of such estimates. Additionally, note that 61 
some embodiments of the present invention, the first order models 1224 can be activated when appropriate signal measurements are obtained. For 

1 0 example, a TDOA POM may be activated when only a single signal time delay measurement is obtained from some plurality of base station 121 However, 
if, for instance, additional time delay values are obtained (and assuming such additional values are necessary), then one or more wireless signal pattern 
matchingfOMmayalso be actrvaml in conjunction with the TDOA FDI1. AdditfonaDy t a POM osing satdiite sgnah (e^., GPS) to perform a 
triangutation may be activated whenever appropriate measurements are received regardless of whether additional FOMs are capable of being 
substantially simultaneously activated or not Accordingly, since such satdiite signal fOMs are generally more accurate, output from such a FOM may 

1 5 dominate any other previous or simultaneous estimates unless there is evidence to the contrary. 

Moreover, the present invention provides a framework for incorporating MS location estimators to be subsequently provided as new FOMs in 
a straightfbnvard manner. For example, a FOM 1224 based on wireless signal time delay measurements from a distributed antenna system for wireless 
communication may be incorporated into the present invention for thereby locating a target MS 140 in an enclosed area serviced by the distributed 
antenna system. Accordingly, by using such a distributed antenna FOM, the present invention may determine the floor of a multi-story buMingfrom 

20 which a target MS is transmitting. Tiros, Mis 140 can be located in three dimensions uslngsuch a distributed antenna FOM. Additionally, FOMs for 
detecting certain registration changes within, for example, a public switched telephone network can also be used for looting a target MS 140. For 
example, for some MSs 140 there may be an associated or dedicated device for each such MS that allows the MS to function as a cordless phone to a line 
basal telephone network when the device detects that the MS is within signaling range. In one use of such a device (also denoted herein as a "home 
base station"), the device registers with a home location register of the public switched telephone network when there is a status change such as from 

25 not detector the corresponding MS to detecting the MS. or visa vena, as one skilled in the art will understand. Accordingly, by providing a FOM that 
accesses the MS status in the home location r^'sto-, the location eipeifl an determine whether the MS is within signaling range of the home base 
station or not, and generate location hypotheses accurdingty. Moreovff, other FOMs based on, for example, chaos theory and/or fractal theory are also 
within the scope of the present invention. 

It is important to note the following aspects of the present invention relating to FOMs 1224; 

30 (2ii) Each such first order model 1224 may be relative^ easily incorporated into and/or remove! from the present invention. For example, assuming 
that the signal processing subsystem m provides uniform input to the FOMs, and tee is a uniform FOM output interface (tg, API), it is 
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belierad that a large majority (if nor substantially all) voile rtS locatioo estunatton strategies may be accommodated. Thus, it is straightforward 
to add or delete such FOMs 1224. 

(zS^) Rnt prtfer modfls 7224 may &e reJath r ely stmp!e and ml] prcrfde ^ificant HS 140 IcQting wnctfonanty ami preifictabnity. For example much 
of what is believed to be common orgenericMS location prong to keen coalesced into, for example: a location hypothesis evaluation 
5 subsystem, denoted the hypotheses evatorizzS and described onmediately below. Thus, the present invention is modular and extensible such 
that, for example, (and importantly) dH&nt fint order models 1224 may be utilized depend*^ on the sgral Mini* characteristo ofthe 
geographic region soviied by an enbodiment of the present invention. Thus, a simple configuration of the present invention may have (or 
access) a small number of fWis 1224 (or a staple wireless signal environment (eg., flat terrain, no urban canyons and low population density). 
Atenafively, for complex wireless signal environments such as in cities like San Francisco, Tokyo or Hew York, a large number of fOMs 1224 may 
10 sBuflltaneou^ utiUzftf fiir generating Hi location hypotheses. 

An Introduction to an Evaluate- for location Hypotheses: Hypothesis Evaluator 

A third functional group of locate engine 139 modules evaluates location hypotheses output by the first order models 1224 and thereby 
provides a "most likely" target MS location estimate. The modules for this ftnctional group are cdleaxvely denoted the hypothesis evaluator 1228. 

Hypothesis Valuator 

1 5 A primary pipe of the hypothesis evaluator 722S is to mitigate conflicts and ambiguities related to location hypotheses output by the 

first oricr models H24BIMI thereby mitpt a "most Hkdf otimate of an WS for which there is a request for tt to be located. Inprortgthij 
capability, there are varfouf related embodiments of the ftypotbesis evaAiator that are within the scope of the present ioventioo. Since each loation 
hypothesis Indfldes both an KS location area estimate and a corresponiBng conftdence value indioti^ a percdyetf confidence or IScelihoorf of the target 
US being within the corresponding location area estimate, there is a monotonic relationship between MS location area estimates and confidence values. 

20 Mis, by increasing an MS loation area estimate, the corresponding confidence valuemay also be increased (in an extreme case, the location area 
estimate could be the entire coverage area no and thus the confidence value may likely correspond to the highest level of certainty; i.e, +10). 
flcarnfiqgiy, g^e^ a target J1$ bcation area estimate (of a location hypothejis), an adjastraent t» its atcaraty may be performed by adjojtiqg the MS 
location area estimate and/or the corresponding confidence value. Thus, if the confidence value is, for example, excessively low then the area estimate 
may be increased as a tecftnique for increasing the confidence vafue: Alternatively, if the eitimatecl area is excessivdy laige, and tho-e is flecibOfty m 

25 the corresponding confideice value, to the estimated area may be decreased and the confidence value ato decreased. Thus, ifarsome point in the 
processtipfa location hypothesis, if the loation hypothesis is judged to be more (less) accurate than initially determined, then (i)tiie confidence 
value of the location hypothesis may be increased (decreased), and/or (ii) the MS location area estimate can be decreased (increased). Moreover, note 
Oat when die confidence values are probabilities, such adjustments are may reipiire the reactivation of one or more FOMs 1224 with requests to 
generate focation hypotfiesa having location ettfmata of different sires. Altemativefy, adpjta- roodola 7436 and/or 1440 (Fg. ifc dijaused 

3 0 hereinbdow) may be invoked for generating location hypotheses laving area estimates of different sizes. Moreover, the confidence value on such an 
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adjusted location hypothesis (actually a new location hypothesis corresponding to the originally generated hypothesis) may also be a probability in that 
combinations of FOMs 1224 ami adjuster modules 14^6 and 1440 can also be calibrated for thereby yielding probabilities as confidence values to the 
resulting location hypotheses. 

In a first dass of embodiments (typically wherein the confidence values are notmaintained as probabilities), the hypothesis evaluating 
5 evaluates location hypotheses and adjusts or modifies only their confidence values for Hi location area estimates and subsequently m these Mi location 
estimates viritb the adjusted confidence values for detennining a "most liKel/' MS tocation estimate for outputting. Atternativdy, fa a second dass of 
embodiments forthe hypothesis evafuatori2z£ (alio typically wherein the confidence values are notmaintained as probabilities), Hi location area 
estimates can be adjusted while confidence values remain sutetantBlly fixed. However, in one prefierred embodiment of the preent embodiment; both 
location hypothesis area estimates and confidence values are modified. 
1 0 The hypothesis eraluator mi may perform any or most of the following tasks depending on the embodiment of the hypothesis evaluator. 

That is, 

(30.1) it may enhance the accuracy of an initial location hypothesis generated by an POM by using the initial location hypothesis as, essentially, a 
query or index into the tocation signature data base 1320 for obtaining one or more corresponding enhanced location hypotheses, 
wherein the enhanced location hypotheses have both an adjusted target Mi location area estimates and an adjusted confidence! based 
1 5 on past performance of the fOM in the location service surrounding the target MS location estimate of the initial location hypothesis; 

Additionally, for embodiments of the hypothesis evaluator 1228 wherein the confidence values for location hypotheses are not maintained as 

probabilities, the following additional tasks (30.2) through (307) may be performed: 

(jo.z) the hypothesis evaluator 1228 may utilize environmental information to improve and reconcile location hypotheses supplied by the first order 
models 1224. A basic premise in this context is that the accuracy of the individual first order models may be affected by various 
20 environmental ton such as, for example, the season of the year, the time of day, the weather conditions, the presence of building base 

station failures, etc; 

(30.3) the hypothesis evaluator 1218 may determine haw well the associated signal characteristics used for locating a target ffi compare with particular 
verified loc sjgs stored in the location signature data base 1320 (see the location signature data base section for further discussion regarding 
this aspect of the invention). That is, for a given location hypothesis, verified loc sjgs (which were previously obtained from one or more 
25 verified locations of one or more ftt's) are retrieved for an area corresponding to the location area estimate of the location hypothesis, and 
the signal characteristics of these verified be sigs are compared with the signal characteristta used to generate the location hypothesis for 
determining their similarities and subsequently an adjustment to the confidence of the location hypothesis (and/or the site of the location 
area estimate); 

($04) the hypothesis evaluated may determine if (or how well) such location hypotheses are consistent with well known physical constraints such 
30 as the laws of physio. For example, if the difference between a previous (mostlikely) location estimate of a target Mi and a location estimate 
by a current location hypothesis requires the MS to: 

(ai) move at an unreasonably high rate of speed (e& zoo mph), or 
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(In) move at an unreasonably high rate ofspeed tbran area (e& 80 mph in a corn patch), or 

(a) make unreasonably sharp velocity changes (tg. t from 5o mph in one direction to 60 mph in the opposite direction in 4 sec), 




5 inflates thatthe Wis: 




then the confidence in the current location hypothesis may be increased. 
(30.J) the hypothesis evaluator 122X may determine consistencies and inconsistencies between location hypotheses obtained from different first order 
1 0 models. For example, if two such location hypotheses, for substantially the same timestamp, have estimated location areas where the target 
M is likely to be and these areas substantially overlap, then the confidence in both such location hypotheses may be increased. Additionally, 
note that a velocity of an M5 may be determined (via deltas of successive location hypotheses from one or more first order models) even when 
there is tow confidence in the location estimates for the ffi, since such deltas may, in some cases, be more reliable than the actual target MS 
location estimates; 

1 5 fo>.6) the hypothesis evaluator mi determines new (more accurate) location hypotheses from other location hypotheses. For example, this module 
may generate new hypotheses from currently active ones by decomposing a location hypothesis having a target US location estimate 
intersecting two radically different wireless signaling area types. Additionally, this module may generate location hypotheses indicating 
areas of poor reception; and 
($0.7) the hypothesis evaluator 1228 determines and outputs a most likely location hypothesis for a target MS. 
20 Bote that additional description ofthe hypothesis evaluator mi can be found in one of the Mowing two copending U.S. patent 

applications which are incorporated herein by reference: (a) "location Of A Mobile Won" filed Nov. 24 1999 having Application Ho. 
09/194,^67 whose inventors are D. J. Dupray and C L Karr, and (b) "A Wireless Location System For Calibrating Multiple Location Estimators" 
filed October 21, 1998 having Application lio. 09/176,587 whose inventor is D. J. Dupray, wherein these copending patent applications may have 
essential material for the present specification. In particular, these copending patent applications may have essential material relating to their 
25 descriptions of the hypothesis evaluator. 

Context Adjuster Introduction. 

The context adjuster (alternatively denoted location adjuster modules) vpb module enhances both the comparability and prefflttability of 
the location hypotheses output by thefirst order models 1224 In one embodiment (typically where confidence values of location hypotheses are not 
maintained as probabilities), this module modifies location hypotheses received from the FOMs 1224 so that the resulting location hypotheses output 
30 by the context adjuster ipb may be further processed uniformly and substantially without concern as to differences in accuracy between the first 
order models from which location hypotheses orpate.. Further, embodiments of the context adjuster may determine those factors that are 
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perceived to impact the perceived accuracy (e£, confidence) of the location hypotheses:. For instance, emronmental tharactaitia may be tatan 
into account here, inch as time of day, season, month, weathff, geographical area categorizations (e& dense urban, urban, suburban, rural, 
mountain, etc), area subcategorfeations (e&, heavily treed, hilly, high traflicarea, etc). 

to fig. 16, two such adjuster modules are shown, namely, an adjuster for enhancing reliability 1436 and an adjuster for enhancing 

5 accuracy 1440. Both ofthoe adjusters perform their location hypothesis adjustments in the maimer described above. The difference between 
these two adjuster modules 1436 and 1440 is primarily the size of the localized area "nearby" the newly generated location estimate. In 
particular, since it is believed that the larger (smaller) the localized nearby area is, the more likely (less Cicely) the corresponding adjusted image 
is to contain the target mobile station location, theadjuster for enhancing reliability 1436 may determine its localized areas "nearby" a newly 
generated location estimate as, for example, having a 40% larger diameter (alternatively, area) than the location area estimate generated by a 

1 0 first order model 1224. Alternatively, the adjuster for enhancing accuracy 1444 may determine to localized areas "nearby" a newly generated 
location estimate as, for example, having a smaller diameter (alternatively, area) than the location area estimate generated by a first 
order model 1224. Thus, each newly generated location hypothesis can potentially be used to derive at least two additional adjusted location 
hypotheses with some of these adjusted location hypotheses being more reliable and some being more accurate than the location hypotheses 
generated directly from the first order models 1224. 

1 5 Bote that additional description of context adjuster aspects of the present invention can be found in the following two copending U.S. 

patent applications which are incorporated herein by reference (a) "Location Of A Mobile Station" filed Hov. 24, 1999 having Application Ho. 
09/194,367 whose inventors are 0. J. Oupray and C L Karr, and (b) "A Wireless Location System For Calibrating Multiple Location Estimators" 
filed October 21, 1998 having Application Ho. 09/176,587 whose inventor is D. J. Dupray, wherein these copending patent applications may have 
essential material for the present specification. In particular, these copending patent applications may have essential material relating to the 

20 context adjuster t?z6. 

MS Status Repository Introduction 

The MS status repository t$ is a run-time storage manager for storing location hypotheses from previous activations of the (oration 
oigine i}9 (as well as for storing the output "most likely" target MS location estimate^)) so that a target MS 140 niay be tracked using target MS 
location hypotheses (ram previous location ape 139 activations to determine, for example, a movement of the target ft 140 between evaluations of 
25 the target W location. 

Location Hypothesis Analyzer Introduction. 

The toation hypothesis nafyzcngz, may adjust confidence values of the location hypotheses, according to: 
(a) heuristics and/or statistical methods related to how wefl the signal diaractcristia for the generated target MS loation hypothesis matches 
with previously obtained signal characteristics for verified MS locations. 
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(b) heuristics related to tow consists the location hypothesis fewithphysital taw, anfl/or highly probable reasonableness conditions relating 
to the location of the target MSandrts mcvanait characteristics. For example, sach heuristics may utilize knowledge of the 
geographical terrain in which the MS is estimated to be, and/or, for instance, the Mi velocity, acceleration or extrapolation of an MS 
position, velocity, or acceleration. 

5 (c) generation of additional location hypotheses whose MS locations are consistent with, for example, previous estimated locations for the 

target MS. 

Note that additional ascription of this aspect of the present invention can be found in one of the following copending U.S. patent 
application which is incorporated herein by reference "location Of A Mobile Station" filed Nov. 24, im having Application Ho. oq/H4^7 
whose inventors are I J. Dupray and C L Karr.. 

10 Most likelihood Estimator 

The most likelihood estimator i $44 is a module for determining a "most likely" location estimate for a target HS being located by the 
location engine 159. The most likelihood estimator 1344 receives a collection of active or relevant location hypotheses from the hypothesis analyzer 
igz and uses these location hypotheses to determine one or more most likely estimates for the target MS 140. 

There are various embodiments of the most likelihood estimator m may be utilized with the present invention. One such 
1 5 embodiment will now be described, ft a high level, an area of interest is first determined which contains the target MS 140 whose location is desired. 
This can k straightforwardly determined by identifying the base stations m that can be detected by the target MS 140 and/or the base stations 14a 
that can detect the target MS. Subse<pientiy, assuming that this area of interest has been previously partitioned into "cells" (eg., small rectangilar 
areas of, for example, 50 to 200 feet pa- side) and that the reuWng location hypotheses for estimating the location of the taiget KS 140 ea* have a 
likelihood probability associated therewith, then for each such location hypothesis, a probability (more generally confidence value) is capable of being 
20 assigned to each cell tatting and/or included in the associated target MS location estimate In particular, for each location hypothesis, a portion of 
the probability value, P, for ttie associated location estimate, A, can be assigned to each ceil, C, intersecting the estimate. One simple way to perform 
this is todivide P by the nomber of cells C and increment, for each cell C a corresponding probability indicative of the target MS 140 befog in (with 
the result from the division. One staled in the art will readily recognize numerous other ways of incrementing such cell probabilities, including: 
providing a Gaussian or other probabilistic distribution of probability values according to, eg, the distance of the cell from the centroid of the location 
25 estimate Accordingly, assuming aB sudi probability increments have been assigned to all such cells ( from all location hypotheses generated for locating 
the target ffi 140, then the following « one embotfimoit of a program for cfetoinining: one or more most likely locations of the target HS- 
Desiredjel <r get the desirel reliability for the resulting location estimate; 
ftaxjize <r get the desired maximum extaitfbr the resulting location estimate; 

BinnedjeOs sort the cells of the area of interest by their probabilities into bins where each successive bin includes those cells whose 
30 confidence values are within a smaller (non-overlapping) range from that of any preceding bin . Further, assume 
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diereare, tg.,ioobimB, wlrai B, Ira cdls witii confiiJento wfthm the range [o, o-U and B, hai cdb with 
amndeaca within the range I fi - 1) * o ji. i * o.oi]. 

Results- nil; 

(urrjd 4r o; f current MM if agsffiiptthg hi the area repraentedby "Restf 7 



(orrjfll <- geta nextceH from (eBJin tfiat is dasesc to the cemroid of "tear; 
10 Remits- Remit +(«iT_cell; 

/* nowdeterraine a new rcHabflity value corratronding to adding "Curr_ceB" to the mottfiRdjr loatfcn 

tsftnatelitiiigtailtimieiiiir*/ 
CBr_rd4-fiirr_rel+ a>n^ence_of_MS_in(ftirr_ceU); 
lf((arr_rtl>Deirtil_rel)thai 
Cone <- TRUE; 



/* rtfeMity that the target MS h m "BeoUT k tuffident 7 

Cnir_ilie rarrtift maxinmni geograplik extent Cte., dimenston) of tHearea representei "Besali"; 

If (Gitr Jze < = Maxjize) then outwent); 

Ehe Oetrnnme whether "Besuir has one or more otrtlying cdk that can ie replaced Ijy other edit ttoter to the centroid af "8esar and 
(dtl have a refia MBty > = "Oesired_rei"; 



Bote ttet nnmerDOs sbuyar emtodimeiiti of die above program maybe «sed, asonettd in the artillnnderwd. forimtance, tad 
of -bunding" Remit as provid ed in the above program, Besult can he "whittled" from the area of interest Actordingh;, Besult would be inirtaBzal tt> 
the entirearea of &iteret. and celb would be tdected for removal ftt)m Reiult. Affttttionalry. note that the above prqgrain dettmirnef a fejt 
appraomationto^^ 

program may be readily provided where a rnmt liteiy area riavnig to* than a daired eaenr or diramHon ft oatput; eg., socii a program wonld csa W 



30 
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WO referring to the hypothesis erator mi t it Is important to note that nor aH theabove mentioned modules are required in all 



5 embodimeots of the pmeitr bi^ention. In partioilar, the hypotheis analyzor ^ iray be unnecesary. Acrordingty, in such an erabodlraait, the 
enhanced location hypotheses output by the context adjuster!^ are provided directly to the most hWihood estimator T}# 

Control and Output Gating Modules 

A fourth Moral group of location engines modules is the control and output gating modules which includes the location center 
control tubsystem 1^50, and the oatputgatewayijsfe. The location control subsystem^ provides the hfehot level of control and monitoring of the 
10 data processing performed by the location center In particular, this subsystem performs the fonowing functions 

(a) controls and monitors location estimating processing for each target MSi4o. Note that this includes high level exception or error 

handlingfiinctions; 

(b) receives and routes external tnfbrmation as necessary, for instance, this subsystem may receive (via, eg., the public telephone 

switching network and internet 468) such environmental information as increased signal noise in a particular service area due to 
15 increase traffic, a change bi weather conditions, a base station 122 Cor other Infrastniaure provisioning^ change in operation status 

(e&, operational to inactive); 

(c) receives and directs location processing request* from other location centers 142 (via, e&, the Internet); 

(d) perfbnns accountnig and Wiling procedares such as biffiRg accortffng to MS location accuracy and the frequency with which an MS ii 

located; 

20 (e) interacts with location center operators by, for example, receiving operator commands and providing output indicative of processing 

resources being utilized and malfunctions; 
(f) provides access to output requirements for various applications requesting location estimates, for example, an Internet location request 
from a micking company to Los Angela to a location center 142 In Denver may only want to know if a partioilar truck or driver is 
within the Denver area. Alternatively, a local medical rescueunit is liltely to request a precise a location otimate as possible: 
25 Hote that in Rg. 6, (a) - (d) above are, at least at a high level, performed by utflizlng the operator interface ^74 

deferring now to the output gateway 1556, this module routes target MS140 location estimates to the appropriate location applications). 
For instance, upon receiving a location estimate from the most likelihood estimator ij44, the output gateway tbs& niay determine that the location 
estimate ii for an automobile being tracked by the poDce and thereftre must be provided must he provided according to the particular protocol. 
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System Toning and Adaptation: The Adaptation Engine 

A fifth fiinctioralgnwp of location o«mei39 raodote prwido the ability to enhance the MS locating refebility and/or arcuraiy of the 
present invention by providing it with the capability to adapt to particular operating configurations, operating conditions and wireless signaling 
environments without performing intensive manual analysis of the performance of various embodiments of the location engine tj<). Fiat h, this 

5 functional group aotomaticaOy enhances the perfonnance of the location engine for tocating MSs 140 within a particular coverage area 120 using at 
least one wireless network infrastructure thoienL More precisely, this functional group allows the present invention to adapt by tuning or optimizing 
certain system parameters according to location engine i}<| location estimate accuracy and reliably. 

There are a number location engine^ syston parameters whose values affect location estimation, and it is an aspect of the present 
invention that the MS location processiag perfbrmed should become increasingly better at locating a tatgo: MS 140 not only through builds an 

j 0 increasingly more detailed mode! of the signal characteristics of location in the coverage area 120 such a* discussed above tfganlingthe location 
signature data base i£Q, but also by providing automated capabilities for the location center processing to adapt by adjusting or "tuning" the values of 
such location center system paramttm. 

Accordingly, the present invention may include a module, denoted herein as an "adaptation engine" that performs an optimization 
procedure on the location center^ system parameten either periodically or concurrently with the operation of the location center in estimating MS 

1 5 locations. That is, the adaptation engine tj& directs the modifications of the system parameten so thatthe location engine^ increases in overall 
accuracy in locating target Mis 140. In one embodiment, the adaptation engine 1$ includes an embodiment of a genetic algorithm as the mechanism 
for modifying the system parameters. Genetic algorithms are basically search algorithms based on the mechanics of nataralgenetics. 

Ilote that additional description of this aspect of the present invention can be found in one of the following two copending li patent 
applications which are incorporated herein by reference (a) "location Of A Mobile Station" filed Nov. 24, 1999 having Application Ho. 

20 09/194,567 whose inventors are D. J. Dupray and t L Karr, and (b) "A Wireless Location System For Calibrating Multiple Location Estimators" 
filed Octobers, 1998 having Application Ho. 09/76,587 whose inventor is D, J. Dupray, wherein these copending paMapplicatta may have 
essential material for the present specification In particular, these copending patent applications may have essential material relating to the use 
of genetic algorithm implementations for adaptively tuning system parameten of a particular embodiment of the present invention. 

Implementations of FirstOrder Models 

25 farther descriptions of various first order models 1214 are provided in this section. However, it is important to note that these are 

merely representative embodiments of location estimators that are within the scope of the present invention. In particular, two or more of the 
wireless location technologies described hereinbelow may be combined to created additional First Order Models. For example, various 
triangulatlon techniques between a target ffi 140 and the base station infrastructure (e.g., time difference of arrival PA) or time of arrival 
P)), may be combined with an angle of arrival (AOA) technique. For instance, if a single direct line of sight angle measurement and a single 

3 0 direct line of sight distance measurement determined by, e&, TBOA or TOA can effectively location the target MS 140. In such cases, the resulting 
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First Order Models may be more complex. However, location hypothec may generated from such models where individually the triangulation ' 
techniques and the AOA technic would be unable to generate effective location estimates. 

Terrestrial Communication Station Offset (TOO) first Order Models (e& TOAADOA/AOA) 

As discussed m tfte location Centa^ Arcfiltecftire Overvieftr jection hereto above, TOO models determine a presumed direction and/or 
5 distance (moregeneraliy, an offset) ttata target MS 140 is from one or more base stations 122. In some embodiments of TOO models, the target 
MS location estimated generated are obtained using radio signal analysis techniques that are quite general and therefore are not capable of 
taking into account the penalities of the topography of a particular radio coverage area. For example, substantially all radio signal analysis 
techniques usii$ conventional procedures (or formulas) are based on "signal characteristic measurements" such as: 
(a) signal timing measurements (e^., TOA and TDOA), and/or 
10 (b) signal strength measurements. 

Furthermore, such signal analysis techniques are likely predicated on certain very general assumptions that can not fully account for signal 
attenuation and multipart due to a particular radio coverage area topography. 

Taking (DMA or TOMA base station network as an example, each base station (BS) 122 is required to emit a constant signal-strength 
pilot channel pseudo-noise (Pil) sequence on the forward link channel identified uniquely in the network by a pilot sequence offset and frequency 
1 5 assignment It is possible to use the pilot channels of the active, candidate, neighborly and remaining sets, maintained in the target MJ, for 
obtaining signal characteristic measurements (e.g., TOA and/or TDOA measurements) between the target MS 140 and the base stations in one or 
more of these sets. 

Based on such signal characteristic measurements and the speed of signal propagation, signal characteristic ranges or range 
differences related to the location of the target MS 140 an be calculated. Using TOA anil/or TDOA ranges as exemplary, these ranges can then be 

20 input to either the radius-radius multilateration or tfte time difference multibteration algorithms along with the known positions of the 
corresponding base stations 122 to thereby obtain one or more location estimates of the target MS 140. For example, if there are, four base 
stations 122 in the active set, the target MS 740 may cooperate with each of the base stations in this set to provide signal arrival time 
measurements. Accordingly, each of the resulting four sets of three of these base stations 122 may be used to provide an estimate of the target 
MS 140 as one skilled in the artwill understand. Thus, potentially (assuming the measurements for each set of three base stations yields a feasible 

25 location solution) there are four estimates for the location of the target MS 140. further, since such measurements and BS 122 positions can be 
sent either to the network or the target MS 140, location can be determined in either entity. 

Since many of the signal measurements utilized by embodiments of TOO models are subject to signal attenuation and multipart due 
to a particular area topography. Many of the sets of base stations from which target MS location estimates are desired may result in either no 
location estimate, or an inaccurate location estimate. 

30 Accordingly, some embodiments of TOO fOMs may attempt to mitigate such ambiguity or inaccuracies by, tg., identifying 

discrepancies (or consistencies) between arrival time measurements and other measurements (e& signal strength), these discrepancies (or 
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consistencies) may be used to filter out at least those signal measurements and/or generated location estimates that appear less accurate. In 
partioilar, such identifying and filtering may be performed by, for example, an expert system raiding in the TOO fOM. 

Another approach for enhancing certain location techniques such as TDOA or angle or arrival (AOA) is that of super resolution as 
disclosed in fli patent ^0,068 filed on Oct 1 i<\(\f> having an issue date of War. jo, i<m with inventon Fattouche eL al which is incorporated 

5 by reference herein and which may contain essential material for the present invention. In particular, the following portions of the 'ott patent 
are particularly important: the Summary section, the Detailed Description portion regarding Figs. 12-17, and the section titled "Description Of The 
Preferred Embodiments Of The Invention." 

Another approach, regardless of the FOM utilized, for mitigating such ambiguity or conflicting MS location estimates is particularly 
novel in that each of the target Hi location estimates is used to generate a location hypothesis regardless of its apparent accuracy. Accordingly, 

10 these location hypotheses are hpt to an embodiment of the context adjuster 316 . In particular, in one context adjuster ijz6 embodiment 
each location hypothesis is adjusted according to past performance of its generating POM 1224 in an area of the initial location estimate of the 
location hypothesis (the area, eg., determined as a function of distance from this initial location estimate), this alternative embodiment adjusts 
each of the location hypotheses generated by a first order model according to a past performance of the model as applied to signal characteristic 
measurements from the same set of base stations m as were used in generating the location hypothesis. That Is, instead of only using only an 

1 5 identification of the first order model (le., its FOMJD) to, for example, retrieve archived location estimates generated by the model in an area 
of the location hypothesis' estimate (when determining the model's past performance), the retrieval retrieves the archived location estimates 
that are, in addition, derived from the signal characteristics measurement obtained from the same collection of base stations 122 as was used in 
generating the location hypothesis. Thus, the adjustment performed by this embodiment of the context adjuster ij24 adjusts according to the 
past performance of the distance model and the collection of base stations m used. 

20 Bote in one embodiment, such adjustments an also be implemented using a precomputed vector location error gradient field. Thus, 

each of the location mor vectors (as determined by past performance for the FOM) of the gradient field has its starting location at a location 
previously generated by the FOM, and its vector head at a corresponding verified location where the target MS 140 actually was. Accordingly, for 
a location hypothesis of an unknown location, this embodiment determines or selects the location error vectors having starting locations within a 
small area (e&, possibly of a predetermined size, but alternatively, dependent on the density of the location error vector starting locations 

25 nearby to the location hypothesis) of the location hypothesis. Additionally, the determination or selection may also be based upon a similarity of 
signal characteristics also obtained from the target MS 140 being located with signal characteristics corresponding to the starting locations of 
location error vectors of the gradient field. For example, such sign characteristics may be, e& time delay/spal strength multipart 
characteristics. 

AtfeOfAiminnMerMd 

30 Various mobile station location estimating models an be based on the angle of arrival (AOA) of wireless signals transmitted from a 

target W 140 to the base station infrastructure as one skilled in the art will understand. Such AOA models (sometimes also referred to as 
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direction of arrival or DOA models) typically require predse angular measurements of the wireless signals, and accordingly utilize specialized 
antennas at the base stations ul The determined signal transmission angles are subject to multipart ablations. Therefore, ADA is most 
effective when there is an unimpeded flne-of-sight simultaneous transmission between the target MS 140 and at least two base stations 122. 



5 Another TOO first order model 1224, denoted the 6rubeck model (fOM) herein, h disdosed in DA Patent bjw\,m filed Kov. 26, 

1M7 an(l W Dec ii t 1999 having firubeck, Rscher, and bmdfykt as inventors, this patent being ftDy incorporated herein by reference. The 
Grubeck model includes a location estimator for determining more accurately the distance between a wireless receiver at (RX), e.g. , a CMRS fixed 
location communication station (such as a BS m) and a target MS 140, wherein wireless signals are repeatedly transmitted from the target MS 
140 and may be subject to multipart. An embodiment of the Grubeck model may be applied to TOA, TDOA, and/or AOA wireless measurements. 
1 0 for the TOA case, the following steps are performed: 

(a) transmitting "M" samples s, i< =l< =M of rtesarae wireless signal from, e&, the target MS 140 to the RX. 
Preferably M is on the order of 50 to 100 (eg., 70) wireless signal bursts, wherein each such burst contains a portion 
having an identical known contents of bits (denoted a training sequence). However, note that a different embodiment 
can use (e&, 70) received bursts containing different (non-identical) information, but information still known to the RX.; 
1 5 (b) receiving the "M" signal sample s, along with multipart components and noise at e& AX; 

(c) for each of the received T samples s,, determining at the RX an estimated channel power profile ((PPi). Each (PPi is 
determined by first determining, via a processor at the RX, a combined correlation response ("Channel Impulse Response" 
or ORi) of a small number of the bursts (eg., 5) by correlating each bunt with its known contents. Accordingly; the 
squared absolute value of the ORi is the "estimated channel power profile" or (PPi; 
20 (d) (randomly) selecting T (e&, 10) out of the T received samples; 

(e) performing incoherent integration of the (PPi for the T samples selected, which results in an integrated signal, i.e., one 



(f) determining if the signal-to-noise quality of the KPP(lfi) is greater than or equal to a predetermined threshold value, 
and if not, improving the sfgnat-to-nolse quality of l(PP(Hi) as required, by redoing the incoherent integration with 

25 successively one additional received sample (PPi until the signako-noise quality of the KPP(tii) is greater than or equal 

to the predetermined threshold value; 

(g) determining the TOA(i), including the case of determining TOA(i) from the maximum signal amplitude; 

(h) entering the determined TOA(0 value into a diagram that shows a frequency of occurrence as a function of TOA(i); 

(i) repeating the whole procedure T times by sdectinga new combination ofT out of V samples, which route in T 

30 
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0) reading the raininmra value T0A(mtn) as the time value having u 2" of all occurrences with higher TOA(i) values and Yz" 

of all occurrences with lower TOA(i) values, where z>o.j. 
As mentioned above, an embodiment of the (inibeck FOM may also be provides for TDOA and/or AOA wireless location techniques, 
wherein a similar incoherent integration may be performed. 
5 Bote that a Grabeck FOM may be particularly useful ftr locating a target MS 140 in a 6SH wireless network. 

A first order model 1224, denoted the Pari model herein, is substantially disclosed in U.S. Patent (denoted the '598 Patent 
herein) filed Dec 15, and issued Mar. 16, having Pari, Bussgang, Weitzen and Zagami as inventors, this patent being fully incorporated 
herein by refereice. The Pari FOM includes a system ftr receiving representative signals (denoted alio "looting signa!(s)") from the target MS 

10 140 via, e&, base stations 122 and subsequently combines information regarding the amplitude and phase of the MS transmitted signals received 
at the base stations to determine the position of the target MS 140. In one embodiment, the Pari model nses input from a looting signal having 
two or more single-frequency tones, as one skilled in the art will understand. Moreover, at least some of the base stations 122 preferably includes 
at least two antennas spaced from each other by a distance between a quarter wavelength and several wavelengths of the wireless locating signals 
received from the target MS 140. Optionally, another antenna vertically above or below the two or more antennas also spaced by a distance of 

1 5 between a quarter wavelength and several wavelengths can be used where elevation is also being estimated. The base stations m sample locating 
signals from the target MS 140. The locating signals include tones that can be at different frequencies. The tones can abo be transmitted at 
different times, or, hi an alternative embodiment, they can be transmitted simultaneously. Because, in one embodiment, only single-frequency 
tones are used as the locating signal instead of modulated signals, substantial transmission circuitry may be eliminated. The Part FOM extracts 
information from each representative signal received from a target MS 144 wherein at least some of the extracted information is related to the 

20 amplitude and phase of the received signal 

In one embodiment of a Parly FOM, related to the disclosure in the tyS Patent when the (orations of the 8Ss 122 are known, and the 
direction from any two of the BSs 122 to the target MS 140, the MS's location can be initially (roughly) determined by signal direction finding 
techniques. For example, an estimate of the phase difference between the signals at a pair of antennas at any BS 122 (having two such antennas) 
can lead to the determination of the angle from the base station to the target MS 140, and thus, the determination of the target MS direction 

25 Subsequently, an enhanced location of the target MS 140 is computed directly from received target MS signal data using an ambiguity function 
A(x,y) described in the tyl Patent, wherein for each point at x,y, the ambiguity function A(x,y) depends upon the probability that the MS is 
located at the geolocation represented by (x,y). Essentially the Pari FOM combines angle of arrival related data and TDOA related data for 
obtaining an optimized estimate of the target MS 140. However, it appears that independent AOA and TDOA MS locations are not used in 
determining a resulting target MS location (e.g., without the need for projecting lines at angles of arrival or computing the intersection of 

30 hyperbolas defined by pairs of base stations). Instead, the Pari FOM estimates the target MS's location by minimizes a joint probability of location 
related errors. In particular, such minimization may use the mean square error, and the location (x, y) at which minimization occurs is taken as 
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the estimate of the target MS 140. In particular, the ambiguity function A(x,y) define the error involved in a position denomination Tor each 
point in a geolocation Cartesian coordinate system The Pari model optimize the ambiguity function to select a point x,y at which the associated 
error h minimized. The resulting location for (x, y) is taken as the estimate of the location of the target Hi 140. Any of several different 
optimization procedures can be used to optimize the ambiguity function A(x ( y). tg„ a first rough estimate of the target NS's location may be 

5 obtained by direction finding (as discussed above). Next, six points x,y may be selected that are in dose proximity to the estimated point The 
ambiguity function A(x,y) is solved for each of the x,y points to obtain six value. The six computed values are then used to define a parabolic 
surface. The point x,y at which the maximum value of the parabolic surface occurs is then taken as the estimate of the target Hi 140. However, 
other optimization techniques may also be used, for example, a standard technique soch as an iterative progression through trial and error to 
converge to the maximum an be used. Alto, gradient search can be used to optimize the ambiguity fi] notion In the case of three-dimensional 

10 location, the two-dimensional ambiguity function A(x,y) is extended to a three-dimensional function A(x,y,z). As in the two-dimensional case, the 
ambiguity function may be optimized to select a point x,y,z as the best estimate of the target MS's location in three dimensions. Again, any of 
several known optimization procedures, such as iterative progression through trial and error, gradient search, etc, on be used to optimize the 
ambiguity function. 

15 It is believed dear from the location center/gateway 142 architecture and from the architecture of the mobile station location 

subsystem (described in a separate section hereinbelow) that target MS 140 location related information can be obtained from an MBS 14& and/or 
one or more LBSs 152. Moreover, such location related information an be supplied to any FOM 7224 that is able to accept such information as 
input Thus, pattern recognition and adaptive FOf is may accept such information. However, to provide an alternative description of how MS 
location related information from an MBS and/or LBS may be used, reference is made to D.S. Patent 6,021440 (denoted the tyo Patent herein) 

20 filed Dec. 11 1^7 and issued Feb. 1% 2000 having forssen, Berg and fihisler as inventors, this patent being folly incorporated herein folly by 
reference. A TOO FOM (denoted the FORSSEH FOM herein) using TOOA/AOA is disdosed in the '440 Patent. 

The FORSSEN FOM includes a location estimator for determining the Time Difference of Arrival (IOOA) of the position of a target MS 
140, which is based on Time of Arrival (TOA) and/or AOA measurements. This FOM uses data received from "measuring devices" provided within a 
wireless telecommunications network. The measuring devices measure TOA on demand and (optionally) Direction of Arrival (DOA), on a digital 

25 uplink time slot or on digital information on an analog uplink traffic channel in one or more radio bate stations. The TOA and DOA information 
and the traffic channel number are reported to a Mobile Services Switching (enter (MSQ, which obtains the identity of the target MS 140 from 
the traffic channel number and sends the terminal identity and TOA and OOA measurement information to a Service Hode (e.g., location center 
142) of the network. The Service Node calculates the position of the target MS 140 using the TOA information (supplemented by the DOA 
information when available). Note, that the TLHE model may utilize data from a second mobile radio terminal is colotated on a mobile platform 

30 (auto, emergemy vehicle, etc) with one of the radio base stations (e.g., MBS 148), which can be moved into relatively dose proximity with the 
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target MS 140. (onsequentiy, by moving one of the radio base stations (MBSs) (lose to the region of interest (near the target MS 140), the position 
determination accuracy is significantly improved. 

Rote that the *4<)o Patent also discloses techniques for rising the target Mi's transmission power for thereby allowing wireless signals 
from the target MS to be better detected by distant Bis 122. 

5 (overageArea First Order Model 

Radio coverage area of individual base stations 122 may be used to generate location estimates of the target MS 140. Although a first 
order model 1224 based on this notion may be less accurate than other techniques, if a reasonably accurate RF coverage area is known for each 
(or most) of the base stations 122, then such a fOM (denoted hereinafter as a "coverage area first order raotfeT or simply "coverage area modeT) 
may be very reliable. To determine approximate maximum radio frequency (RF) location coverage areas, with respect to Bis 122, antennas 

1 0 and/or sector coverage areas, for a given class (or classes) of (e.g., CDMA or TOMA) mobile stations) 140, location coverage should be based on an 
Mi's ability to adequately detect the pilot channel, as opposed to adequate signal quality for purposes of carrying user-acceptable traffic in the 
voice channel. Note that more energy is necessary for traffic channel activity (typically on the order of at least -94 to -104 dBm received signal 
strength) to support voice, than energy needed to simply detect a pilot channel's presence for location purposes (typically a maximum weakest 
signal strength range of between -104 to -no dBm), thus the "location (overage Area" will generally be a larger area than that of a typical 

1 5 "Voice (overage Area", although industry studies have found some occurrences of "no-coverage* areas within a larger covered area 

The approximate maximum RF coverage area for a given sector of (more generally angular range about) a base station 122 may be 
represented as a set of points representing a polygonal area (potentially with, e.g., holes therein to account for dead zones and/or notches). Note 
that if such polygonal RF coverage area representations can be reliably determined and maintained over ti me (for one or more BS signal power 
level settings), then such representations an be used in providing a set theoretic or Venn diagram approach to estimating the location of a target 

20 MS 140. (overage area first order models utilize such an approach. 

One embodiment, a coverage area model utilizes both the detection and non-detection of base stations 122 by the target Mi 140 
(conversely, of the MS by one or more base stations 122) to define an area where the target MS 140 may likely be. A relatively straightforward 
application of this technique is to: 

(a) find all areas of intersection for base station RF coverage area representations, wherein: (i) the corresponding bate stations are 
25 on-line for communicating with MSs 140; 00 the BF coverage area representations are deemed reliable for the power levels of 

the on-line base stations; (iii) the on-line base stations having reliable coverage area representations can be detected by the 
target MS; and (iv) each intersection must include a predetermined number of the reliable RF coverage area representations 
(e^,zorj) ; and 

(b) obtain new location estimates by subtracting from each of the areas of intersection any of the reliable RF coverage area 
30 representations for base stations 722 that an not be detected by the target MS. 

Accordingly, the new areas may be used to generate location hypotheses. 
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Satellite Signal Triaigulation first Order Models 

At mentioned hereinabove, there are various satellite systems that may tie used to provide location estimates of a target Hi 140 (e& 
6PS. 610HASS, LEOs, and NEDs). In maoy <ases, such location estimates can be very accurate, and accordingly such accuracy would be reflected in 
the present invention by relatively high confidence values for the location hypotheses generated from such models in comparison to other FOHs. 
5 However, it may be difficult fir the target MS 140 to detect and/or lock onto such satellite signals sofficiently well to provide a location estimate. 
For example, it may be very unlikely that such satellite signals can be detected by the MS 140 in the middle of high rise concrete buildings or 
parking structures having very reduced exposure to the sky. 

Hybrid Write and TOO fOHs 

A first order model 1224, denoted the WATTERS fOfl herein, is disclosed in 1)1 Patent y)fe#4 filed May 14, 1998 and issued Nov. % 

10 1999 having Hatters, Strawaynski. and Steer as inventon, this patent being fully Incorporated herein by reference. The WATTtRSFOM Includes a 
location estimator for determining the location of a target MS 140 using satellite signals to the target MS 140 as well as delay in wireless signals 
commu nicated between the target MS and base stations 122. for example, aspects of global positioning system (GPS) technology and cellular 
technology are combined in order to locate a target MS 140. The HATTERS FOfl may be used to determine target MS location in a wireless 
network, wherein the network is utilized to collect differential OPS error correction data, which it forwarded to the target MS 140 via the wireless 

1 5 network. The target MS 140 (which includes a receiver R for receiving non-terrestrial wireless signals from, eg., 6PS, or other satellites, or even 
airborne craft) receives this data, along with 6PS pseudoranges using its receiver R, and calculates its position using this information. However, 
when the requisite number of satellites are not in view of the MS 140, then a pseudosatellite signal, broadcast from a BS 122 of the wireless 
network, is received by the target MS 140 and processed as a substitute for the missing satellite signal. Additionally, in at least some 
circumstances, when the requisite number of satellites (more generally, noiHerrestrial wireless transmitters) are not detected by the receiver B, 

20 then the target MS's location is calculated using the wireless network infrastructure via TDOA/TOA with the BSs 122 of the network. When the 
requisite number of satellites (more generally, non-terrestrial wireless transmitters) are again detected by the receiver R, then the taiget MS is 
again calculated using wireless signals from the non-terrestrial wireless transmitters. Additionally, the WATTHS POM may use wireless signals 
already being transmitted from base stations izz to the target MS 140 in wireless network to calculate a round trip time delay, from which a 
distance calculation between the base station and the target MS can be made. . This distance calculation substitutes for a missing non-terrestrial 

25 transmission signal 

location Base Station First Order Model 

In the location base station (IBS) model (fOM 1224), a database is accessed which contains electrical, radio propagation and coverage 
area characteristics of each of the location base stations in the radio coverage area. The IBS model is an active model, in that it can probe or 
excite one or more particular IBSs i£ in an area for which the target MS 140 to be located is suspected to be placed. Accordingly, the LBS model 
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may receive as input a most likely target Hi 140 location estimate previously output by the location engine of the present invention, and use 
this location estimate to determine which (if any) LBis 152 to activate and/or deactivate for enhancing a subsequent location estimate of the 
target Hi. Moreover, the feedback from the activated LBSs 152 may be provided to other FOHs 1224, as appropriate, as well as to the LBS model 
However, it is an important aspect of the LBS model that when it receives such feedback, it may output location hypotheses having relatively 
5 small target Hi 140 location area estimate about the active IBis ip and each such location hypothesis alio has a high confidence value indicative 
of the target Hi 140 positively being in the corresponding location area etimate (e& a confidence value of 4 to + 1), or having a high 
confidence value indicative of the target Hi 140 not being in the corresponding location area estimate 0.t, a confidence value of -0.9 to -1). 
Rote that in some embodiments of the LBS model, these embodiments may have functionality similar to that of the coverage area first order 
model described above, further note that for LBSs within a neighborhood of the target Hi wherein there is a reasonable chance that with 
1 0 movement of the target Hi may be detected by these LBis, such IBis may be requested to periodically activate (Note, that it is not assumed that 
such IBis have an on-line external power source; e&, some may be solar powered). Moreover, in the case where an LBS 152 include sufficient 
electronics to carry voice communication with the target Hi 140 and is the primary Bi for the target Hi (or alternatively, in the active or 
candidate set), then the LBS model will not deactivate this particular LBS during its procedure of activating and deactivating various LBSs 152. 

itochastic First Order Model 

1 5 Die stochastic first order models may use statistical prediction techniques such as principle decomposition, partial least squares, 

partial least squares, or other regression techniques for predicting, for example, expected minimum and maximum distances of the target Hi from 
one or more base stations 122, e& Bollenger Bands. Additionally, some embodiments may use Markov processes and Random Walks (predicted 
incremental Hi movement) for determining an expected area within which the target Hi 140 is likely to be. That is, such a process measures the 
incremental time differences of each pilot as the Hi moves for predicting a size of a location area estimate using past Hi estimates such as the 

20 verified location signatures in the location signature data base i#o. 

Pattern Recognition and Adaptive First Order Models 

It is a particularly important aspect of the present invention to provide: 

(a) one or more FOMs 1224 that generate target Hi 140 location estimates by using pattern recognition or associativity techniques, 
and/or 

25 (b) one or more fOHs 1224 that are adaptive or trainable so that such FOMs may generate increasingly more accurate target Hi 

location estimates from additional training. 
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Statistically Bated Pattern Recognition Fint Order Models 

Regarding FOMs 1224 using pattern recognition or associativity techniques, there are many such techm'tpies available, for example, 
tee are statistically based systems such as W (acronym for Classification and Regression Trees) by AK60SS Software International limited of 
Toronto, Canada that may be used for automatically for detecting or recognizing patterns in data that were not provided (and likely previously 
5 unknown). Accordingly, by imposing a relatively fine ro«h or grid of cells of the radio coverage area, wherein each ceil is entirely within a 
particular area type categorization, such as the transmission area types (discussed In the section, "Coverage Area: Area Types And Their 
Determination" above), the verified location signature clusters within the cells of each area type may be analyzed for signal characteristic 
patterns. Accordingly, if such a characteristic pattern is found, then it can be used to identify one or more of the celts in which a target ffi is 
likely to be located. That is, one or more location hypotheses may be generated having target MS 140 location estimates that cover an area 

1 0 having the identified cells wherein the target US 140 is likely to be located. Further note that such statistically based pattern recognition systems 
as W include software code generators for generating expert system software embodiments for recognizing the patterns detected within a 
training set (e&, the verified location signature clusters). 

A related statistical pattern recognition FOM 1224 is also disclosed in Hi. Patent 6,016304, filed Jan 8, 1947 and issued Feb. 15, 
zooo, having Hilsenrath and Wax as inventors, this patent (denoted the Hiltenrath patent herein) being incorporated herein fully by reference. 

1 5 An embodiment of a FOM 1124 based on the disclosure of the Hibenrath patent is referred to herein as the Hiltenrath FOM. The Hilsenrath FOM 
includes a wireless location estimator that locates a target HS 140 using measurements of multipart signals in order to accurately determine the 
location of the target MS 140. More particularly, to locate the target MS 140, the Hilsenrath FOM uses wireless measurements of both a direct 
signal transmission path and multipart transmission signals from the MS 140 to a base station 122 receiver. The wireless signals from the target 
MS 140 arrive at and are detected by an antenna array of the receiver at the BS 122, wherein the antenna array includes a plurality of antennas. 

20 A signal signature (tg, an embodiment of a location signature herein) for this FOM may be derived from any combination of amplitude, phase, 
delay, direction, and polarization information of the wireless signals transmitted from the target MS 140 to the base station 122 receiver. The 
Hiltenrath FOM 1224 determines a signal signature from a signal subspace of a covariance matrix. In particular, for p antennas included in the 
base station receiver, these antennas are used to receive complex signal envelopes xjt), x^ (t), . . . , x.„ (t), respectively, which are conventionally 
grouped together to form a p-dimensional array vector x(t) = [x, (t), \[t) } . . . , x. p (t)]l The signal subspace may be determined from a 

25 collection of M such array vectors x(t) by several techniques. In one such technique, the outer products of the M vectors are added together to 
form a pxp signal covariance matrix, R=i/M [x(tjxftf -f. . . +x (t^t/). The eigenvalues of R whose magnitudes exceed a predetermined 
threshold determine a set of dominant eigenvectors. The signal subspace is the space spanned by these dominant eigenvectors. The signal 
signature is compared to a database of calibrated signal signatures and corresponding locations (eg., an embodiment of the location signature 
data base 1320), wherein the signal signatures in the database include representations of the signal sobipaces (such as the dominant eigenvectors 

30 of the covariance matrices. Accordingly, a location whose calibrated signature best matches the signal signature of the target MS 140 is selected 
as the most likely location of the target MS 140. Hote that the database of calibrated signal signatures and corresponding verified locations is 
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perared by a calibration procedure In which a calibrating Mi 140 transmits location data derived from a co-located 6PS receiver to the base 
stations 122. Thus, for each of a plurality of locations distributed through a service area, the location has associated therewith: the (GPS or 
verified) location information and the corresponding signal signature of the calibrating ft 140. 

Accordingly, the location of a target Mi 140 in the service area may be determined as follows. Signals originating from the target Mi 
5 140 at an unknown location are received at a base station m. A signal processor, dg., at the base station 122, then determines the signal 
signature as described above. The signal signature is then compared with the calibrated signal signatures stored in the above described 
embodiment of the location signature database 320 during the calibration procedure. Using a measure of difference between subspaces (e&, an 
angle between subspaces), a set of likely locations is selected from this location signature database embodiment. These selected likely locations are 
those locations whose associated calibrated signal signatures differ by less than a minimum threshold value from the target Mi 140 signal 
1 0 signature. The difference measure is further used to provide a corresponding measure of the probability that each of the selected likely locations 
is the actual target Mi location. Moreover, for one or more of the selected likely location, the corresponding measure may be output as the 
confidence value for a corresponding location hypothesis output by a H itairath FOM 1224. 

Thus, an embodiment of the present invention using such a Hilsenrath fDM 1224 performs the following steps (a) - (d): 

(a) receiving at an antenna array provided at one of the base stations 122, signals originating from the target Mi 140, wherein the 
1 5 signals comprise p-dimensional array vectors sampled from p antennas of the array; 

(b) determining from the received signals, a signal signature, wherein the signal signature comprises a measured subspace, wherein 
the array vectors x(t) are approximately confined to the measured subspace; 

(c) comparing the signal signature to previously obtained (and similarly computed) signal signatures, wherein each of the 
previously obtained signal signatures, ii, has associated therewith corresponding location data verifying the location where ii 

20 was obtained, wherein this step of comparing comprises substep of calculating differences between: fi) the measured subspace, 

and (ii) a similarly determined subspace for each of a plurality of the previously obtained signal signatures; and 

(d) selecting from the previously obtained signal signatures a most likely signal signature and a corresponding most likely location 
of the target Mi 140 by using the calculated differences; 

Note that regardless of the reliability some FOHs as described here may nor be exceedingly accurate, but may be very reliable. Thus, 
25 since an aspect of at least some embodiments of the present invention is to use a plurality of Mi location techniques (FOMs) for generating location 
estimates and to analyze the generated estimates (likely after being adjusted) to detect patterns of convergence or clustering among the 
estimates, even large Mi location area estimates may be useful. For example, it can be the case that four different and relatively large Mi 
location estimates, each having very high reliability, have an area of intersection that is acceptably precise and inherits the very high reliability 
from each of the lar^e Mi location estimates from which the intersection area was derived. 
3 0 dote, that another statistically based FOM 1224 may be provided wherein the radio coverage area is decomposed substantially as 

above, but in addition to using the signal characteristic for detecting useful signal patterns, the specific identifications of the base station 122 
providing the signal characteristics may also be used. Thus, assuming there is a sufficient density of verified location signature dusters in some of 
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generated that outputs a target MS 140 location estimate that may provide both a reliable and accurate location estimate of a target MS 140. 



AdaptivtfTrainable first Onfer Models 

s The term adaptive it used to describe a data processing component that can modify its data processing behavior in response to certain 

inputs that are used to change how subsequent inputs are processed by the component Accordingly, a data processing component may be 
"explicitly adaptive" by modifying its behavior according to the input of explicit instructions or control data that is input for changing the 
component's subsequent behavior in ways that are predictable and expected. That is, the input encodes explicit instructions that are known by a 
user of the component Alternatively, a data processing component may be Implicitly adaptive" in that its behavior is modified by other than 

1 0 instructions or control data whose meaning is known by a user of the component for example, such implicitly adaptive data processors may 
learn by training on examples, by substantially unguided exploration of a solution space, or other data driven adaptive strategies such as 
statistically generated decision trees. Accordingly, it is an aspect of the present invention to utilize not only explicitly adaptive MS location 
estimators within FDMs 1224, but alto implicitly adaptive US location estimators. In particular, artificial neural networks (also denoted neural 
nets and AH Hs herein) are used In some embodiments as implicitly adaptive MS location estimators within fOMs. Thus, in the sections below, 

1 5 neural net architectures and their application to locating an MS is described. 

Artificial Neural networks For MS Location 

Artificial neural networks may be particularly useful in developing one or more first order models 1224 for locating an MS 140, since, 
for example, ANtis can be trained for classifying and/or associative^ pattern matching of various RF signal measurements such at the location 
signatures. That is, by training one or more artificial neural nets using RF signal measurements from verified locations so that RF signal 

20 transmissions characteristic indicative of particular locations are associated with their corresponding locations, such trained artificial neural nets 
can be used to provide additional target MS 140 location hypotheses. Moreover, it is an aspect of the present invention that the training of such 
artificial neural net based FOMs (ANN FOMs) Is provided without manual intervention as will be discussed hereinbeiow. Additional description of 
this aspect of the present invention can be found in the copending 1)1 patent application titled "loation Of A Mobile Station" filed Nov. 24, 1999 
having Application No. 0*1/1114367 whose inventors are D. J. Dapray and C L Karr, which is incorporated herein by reference and wherein this 

25 copending patent application may have essential material for the present invention. In particular, this copending patent application may have 
essential material relating to the use of ANNs as mobile station location estimators 1224. 



WO 01/95642 



PCTAJS01/17957 



63 

Other first Order Models 

I)i patent 5390,89 fjfl patent) filed Oct 2}, 1991 having an issue date of Feb. 14, 1995 with Inventor being Bnickert et aL 
provide oumber of embodiments of wireless location estonaton for estimating the location of a "remote unit." In particular, various location 
estimator embodiments are described in relation to Ftp. iB and 16 therein The location estimators in the ^9 patent are, in general, directed 
5 to determining weighted or adjusted distances of the "remote unit" (e.g., Hi 140) from one or more "transceivers" (e&, base stations m\ The 
distances are determined using signal strength measurements of wireless signals transmitted between the "remote unit" and the "tramceiven." 
However, adjustments are in the signal strengths according to various signal transmission anomalies (tg., cinhannel interference), Impairments 
and/or errors. Additionally, a signal Rf propagation model may be utilized, and a Hood of the "remote unit" being in the designated 
coverage areas (cells) of particular transceivers (&g., base stations 122) is determined using probabilistic techniques such as posteriori 
1 0 probabilities. Accordingly, the Brudtert ^9 patent is fully incorporated by reference herein and may contain essential material for the present 
invention 

01 patent $,$70412 f 412 patent) filed Sept: 28, 1994 having an issue date of Oct 29, 199k with inventors LeBlanc et aL provide 
further embodiments of wireless location estimators that may be used as First Order Models 1224. The location estimating techniques of the 
LeBlanc '412 patent are described with reference to fig. & and succeeding figures therein. At a high level, wireless location technique of the '412 
1 5 patent can be characterized by the following quote therefrom: 

'The location processing of the present invention focuses on the ability to predict and model BF contours using actual BF 

measurements, then performing data reduction techniques such as curve fitting technique, Bollinger Bands, and Genetic Algorithms, 

in order to locate a mobile unit and disseminate its location/ 
Accordingly, the LeBlanc '412 patent is fiilty incorporated by reference herein and may contain essential material for the present invention 
20 ' patent5,29],645 f 645 patent) filed Oct. 4 1991 having an issue date of March 8, 1994 with inventor Jood. provide further 
embodiments of wireless location estimators that may be used as first Order Models 1224. In particular, the '645 patent describes wireless 
location estimating techniques using triangulations or other geographical intersection techniques, further, one such technique is described in 
column 6, line 42 through column 7, line 7. Accordingly, the M '645 patent is fiilly incorporated by reference herein and may contain essential 
material for the present invention 

25 IU patents.292,642 f 642 patent) filed Dec 19, 1990 having an issue data of Mar. i, 1994 with inventor Lo provide further 

embodiments of wireless location estimators that may be used at first Order Models 1224 In particular, the '642 patent determines a 
corresponding probability density function (pif) about each of a plurality of base stations in communication with the target MS 140. That is, upon 
receiving wireless signal measurements from the transmissions between the target IIS 140 and base stations 122, for each B$ 122, a corresponding 
pdf is obtained from prior measurements of a particular wireless signal characteristic at locations around the base station tobsequentiy, a most 

30 likely location estimation is determined from a joint probability density function of the individual base station probability density functions. 
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Farther description an be found in tfie Description Of Tlie Preferred Embodiment lection of the '642 patent Accordingly, the In '642 patent is 



5 A first order model 1224 denoted the Yost model herein. The Yostmodd includes a location estimator thatuses a combination of 

Time Difference of Arrival (TDOA) and Timing Advance (fA) location determining techniques for determining the location of a target MS 140, 
wherein there are minor modifications to a tdecomraunication network such as a (MBS. The hybrid wireless location technique utilized by this 
location estimator uses TDOA measurements and TA measurements to obtain substantially independent location estimates of the target MS 140, 
wherdn the TDOA measurements determine hyperbolae MS loci, about base stations 122 communicating (uni or bi-directionally) with the target 
1 0 MS, and the TA measurements determine circles about the base stations 122. Accordingly, an enhanced location estimate of the MS 740 can be 
obtained by using a least squares (or other statistical technique), wherein the least-squares technique determines a location for the MS between 
the various curves (hyperbolae and circles) that best approximates a point of intersection.. Note that TA is used in all Time Division Multiple 
Access (TDMA) systems as one stalled in the art will understand, and measurements of TA an provide a measurement of the distance of the MS 
from a TDMA communication station in communication with the target MS 140. The Yost model is disclosed in (II Patent £987329 (>) Patent) 
1 5 filed July jo, 1997 and issued Nov. 16, 1999 having Yost and Panchapakesan as inventors, this patent being fully incorporated herein folly by 
reference to thereby further describe the Yost model The following quote from the ^29 Patent describes an important aspect of the Yost modd: 
"furthermore, the combination of TA and TDOA allows resolution of common ambiguities suffered by either technique 
separately, for example, in FIG. $ a situation involving three base stations 24 (A, B and ( as described, the latter being visible in the 
figure) is represented along with the resultant two hyperbolas AB and A( (and redundant hyperbola B() for a TDOA position 
20 determination of the mobile ft FIG. $ is a magnified view of the mobile terminal H location showing the nearby base stations and the 

nearby portions at the curves. It should be understood that, in this case, using TDOA alone, there are two possible solutions, where the 
hyperbolae cross. The addition of the TA circles (dashed curves) will allow the ambiguous solutions, which lie at different TA from all 
three base stations, to be clearly resolved without the need for additional base station 24 measurements." 
As an aside note that a timing advance (TA) first order model may be provided as a separate fOM independent from the TDOA portion 
25 of the Yost modeL Thus, if an embodiment of the present invention includes both a TA FOM and a TDOA FOM, then the multiple location estimator 
architecture of the present invention may substantially include the Yost modd whenever both the TA fOM and TDOA FOM are both activated for a 
same location instance of a target MS 140. However, it is an aspect of the present invention to also activate such a TA FOM and a TDOA FOM 
asynchronously from one another. 
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A fint order model 1224, denoted the Sheynblat mode! (FOM) herein, is disclosed in 0.5. Patent 5,919,114 (denoted the 124 Patent 
herein) filed April 22, 1998 and toned Dec 7, 1999 having SheynWat as the inventor, this patent being filly incorporated bran by reference The 
Sheynblat M provides a location estimator for processing target MS 140 location related information obtained from: (a) satellite signals of a 

5 satellite positioning system (denoted SPS in the Patent) (e& 6PS or 6L0HASS, IfO positioning satellites, and/or MED positioning satellites), 
and (b) communication signals transmitted in the terrestrial wireless cellular network of BSs 122 for a radio coverage area, e£, coverage area 
120 (Fig. 4), wherein there is two-way wireless communication between the target MS 140 and the BSs. In one embodiment of the Sheynblat FOM, 
the location related information obtained from die satellite signals includes a representation of a time of travel of SPS satellite signals from a SPS 
satellite to a corresponding SPS receiver operativdy coupled to (and co-located with) the target MS 140 (such "time of travel" Is referred to as a 

10 pseudorange to the SPS satellite), Additionally for this embodbnoit. ttte location rented information obtained front the coronranication signals In 
the wireless cellular network includes time of travel related information for a message in the communication signals between a BS 122 transceiver 
and the target MS 140 (this second "time of travel" related information is referred to at a cellular pseudorange). Accordingly, various 
combinations of pseudoranges to SPS satellites, and cellular pseudoranges tan be used to determine a likely location of the target MS 140. As an 
example, if the target MS 140 (enhanced with a SPS receiver) an receive SPS satellite signals from one satellite, and additionally, the target MS is 

15 also in wireless communication (or an be in wireless communication) with two BSs m, then three pseudoranges may be obtained and oted to 
determine the position of the target MS by, e&, triangulate. Of course, other combinations are possible for determining a location of the 
target MS 140, e&, pseudoranges to two SPS satellites and one cellular pseudorange. Additionally, various techniques may be used to mitigate the 
effects of muMpath on these psaidoranges. For example, since it is typical for the target MS 140 to detect (or be detected by) a plurality of BSs 
722, a corresponding plurality of cellular pseudoranges may be obtained, wherein mch cellular psuedoranges may be used in a cluster analysis 

20 technique to disambiguate MS locations identified by the satellite pseudoranges. Moreover, the determination of a location hypothesis is 
performed, in at least one embodiment, at a site remote from the target MS 14a, such as the location center/gateway 142, or another site that 
communicates with the location ceoter/gateway for supplying a resulting MS location to the gateway. Alternatively, the target MS 140 may 
perform the calculations to determine its own location. Note that this alternative technique may be particularly useful when the target MS 140 is 
a mobile base station 148. 

25 MS Status Repository Embodiment 

The MS status repository 1$ is a run-time storage manager for storing location hypotheses from previous activations of the location 
engine w (as well as the output target Mi location estimate^)) so that a target MS may be tracked using target MS location hypotheses from 
previous location engine i# activations to determine, for example, a movement of the target M5 between evaluations of the target MS location 
Thus, by retaining a moving window of previous location hypotheses used in evaluating positions of a target MS, measurements of the target MS's 
30 velocity, acceleration, and likely next position may be determined by the location hypothesis analyzer 1^2. further, by providing accessibility to 
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recent MS location hypotheses, these hypotheses may be used to resolve conflicts between hypotheses in a current activation for looting the 
target Mi; eg., MS paths may be stored here for use in extrapolating a new location 

Mobile Base Station Location Subsystem Description 

Mobile Base Station Subsystem Introduction 
5 Any collection of mobile electronic (denoted mobile location unit) that is able to both estimate a location of a target MS 140 and 
communicate with the base station network may be utilized by the present invention to more accurately locate the target MS. Such mobile 
location units may provide greater target MS location accuracy by f for example, homing in on the target MS and by transmitting additional MS 
location information to the location center 142. There are a number of embodiments for such a mobile location unit contemplated by the present 
Invention for example, in a minimal version, such the electronics of the mobile location unit may be little more than an onboard MS 740, a 

1 0 sectored/directional antenna and a controller for communicating between them. Thus, the onboard MS is used to comrauniote with the location 
center 142 and possibly the target MS 140, while the antenna monitors signals for homing in on the target MS 140. In an enhanced version of the 
mobile location unit, a 6PS receiver may also be incorporated so that the location of the mobile location unit may be determined and 
consequently an estimate of the location of the target MS may also be determined. However, such a mobile location unit ft unlikely to be able to 
determine substantially more than a direction of the target MS 140 via the sectored/directional antenna without further base station 

1 5 infrastructure cooperation in, for example, determining the transmission power level of the target MS or varying this power level. Thus, if the 
target MS or the mobile location unit leaves the coverage area izo or resides in a poor communication area, it may be difficult to accurately 
determine where the target MS is located. None-the-less, such mobile location units may be sufficient for many situations, and in fact the present 
invention contemplates theiruse. However, in cases where direct communication with the target MS « desired without constant contactwith the 
base station infrastructure, the present invention includes a mobile location unit that is also a scaled down version of a bate station 122. Thus, 

20 given that such a mobile base station or MBS 148 includes at least an onboard MS 140, a sectored/directional antenna, a OPS receiver, a scaled 
down base station 121 and sufficient components (including a controller) for integrating the capabilities of these devices, an enhanced autonomous 
MS mobile location system can be provided that an be effectively used in, for example, emergency vehicles, air planes and boats. Accordingly, the 
description that follows below describes an embodiment of an MBS 148 having the above mentioned components and capabilities for use in a 
vehicle. 

25 As a conieqoence of the MBS 14S being mobile, there are fundamental differences in the operation of an MBS in comparison to other 

types of BS's m (151). In particular, other types of base stations have fixed locations that are precisely determined and known by the location 
center, whereas a location of an MBS 148 may be known only approximately and thus may require repeated and frequent re-estimating. 
Secondly, other types of base stations have substantially fixed and stable communication with the location center (via possibly other BS's in the 
case of LBSs ip) and therefore although these BS's may be more reliable in their in their ability to comrauniote information related to the 

30 location of a target MS with the location center, accuracy an be problematic in poor reception areas. Thus, MBSs may be used in areas (such as 
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wilderness areas) where there may be no other means for reliably and cost Actively locating a target MS 140 (Le., there may be insufficient 
fixed location BS's coverage in an area). 

Fig. n provides a high level block diagram architecture of one embodiment of the MBS location subsystem 1508. Accordingly, an MBS 
may include components for communicating with the fixed location BS network infrastructure and the location center 142 via an on-board 

5 transceiver 1512 that is effectively an Mi 140 integrated into the location subsystem 150s. Thus, if the UBS 148 travels through an area having 
poor infrastructure signal coverage, then the MBS may nor be able to communicate reliably with the location center 142 (e& in rural or 
mountainous areas having reduced wireless telephony coverage). So it is desirable that the MBS 148 must be capable of functioning substantially 
autonomously from the location center. In one embodiment, this implies that each MBS 148 must be capable of estimating both its own location 
as wefl as the location of a target MS 140. 

10 Additionally, many commercial wireless telephony technologies require all BS's in a network to be very accurately time synchronized 

both for transmitting MS voice communication as well as for other services such as MS location. Accordingly, the MBS 148 will also require such 
time synchronization. However, since an MBS 148 may not be in constant communication with the fixed location BS network (and indeed may be 
off-line for substantial periods of time), on-board highly accurate timing device may be necessary. In one embodiment, such a device may be a 
commercially available ribidium oscillatory as shown in Fig. 11 

1 5 Since the MBS 148 , includes a scaled down version of a BS 122 (denoted 1522 in Fig. 71), it is capable of performing most typical BS 122 tasks, 
albeit on a reduced scale. In particular, the base station portion of the MBS 148 can: 

(a) raise/lower its pilot channel signal strength, 

(b) be in a state of soft hand-off with an MS 140, and/or 

(c) be the primary BS ni for an MS 140, and consequently be in voice communication with the target MS (via the MBS operator 
20 telephony interface^) if the MS supports voice communication. 

further, the MBS 148 can, if it becomes the primary base station communicating with the MS 140, request the MS to raiit/Iowar its power or, 
more generally, control the communication with the MS (via the base station components 192). However, since the MBS 148 will likely have 
substantially reduced telephony traffic capacity in comparison to a standard infrastructure base station 122, note that the pilot channel for the 
MBS is preferably a nonstandard pilot channel in that it should not be identified as a conventional telephony traffic bearing BS 122 by MS's seeking 

25 normal telephony communication. Thus, a target MS 140 requesting to be looted may, depending on its capabilities, either automatically 
configure itself to scan for certain predetermined MBS pilot channels, or be instructed via the fixed location base station network (equivalent^ BS 
infrastructure) to scan for a certain predetermined MBS pilot channel. 

Moreover, the MBS 148 has an additional advantage in that it can substantially increase the reliability of communication with a target MS 
140 in comparison to the base station infrastructure by being able to move toward or track the target MS 140 even if this MS is in (or moves into) 

30 a reduced infrastructure base station network coverage area. Furthermore, an MBS 148 may preferably use a directional or smart antenna 1526 
to more accurately locate a direction of signals from a target MS 140. to, the sweeping of such a smart antenna 1526 (physically or 
electronically) provides directional information regarding signals received from the target MS 140. That is, such directional information is 



WO 01/95642 PCT/USO 1/1 7957 



68 

determined by the signal propagation delay of signals from the target MS 140 to the angular sectors of one of more directional antennas 1526 on- 
board the MBS 148. 

Before proceeding to further details of the MBS location subsystem 150$, an example of the operation of an MBS 148 in the context of 
responding to a 911 emergency call is given, hi particular, this example describes the high level computational states through which the MBS 148 
5 transitions, these state also being illustrated In the state transition diagram of fig. n Hate that this figure illustrates the primary state 
transitions between thee MBS 748 state, wherein the solid state transitions are indicative of a typical "ideal" progression when locating or 
tracking a target MS 140, and the (lashed state transitions are the primary state reversions due, for example, to difficulties in locating the target 
MS 140. 

Accordingly, initially the MBS 148 may be in an inactive state 1700, wherein the MBS location subsystem 1508 is effectively available 
1 0 for voice or data communication with the fixed location base station network, but the MS 140 locating capabilities of the MBS are not active, 
from the inactive state 1700 the MBS (e&, a police or rescue vehicle) may enter an active state 1704 once an MBS operator has logged onto the 
MBS location subsystem of the MBS, such logging being for authentication, verification and journaling of MBS 148 events. In the active state 1704, 
the MBS may be listed by a 911 emergency center and/or the location center 141 as eligible for service in responding to a 971 request From this 
state, the MBS 148 may transition to a ready state 1708 signifying that the MBS is ready for use in looting and/or intercepting a target MS 140. 
1 5 That Is, the MBS 148 may transition to the ready state 1708 by performing the following steps: 

(ia) Synchronizing the timing of the location subsystem 1508 with that of the base station network infrastructure. In one embodiment, 
when requesting such time synchronization from the base station infrastructure, the MBS 148 will be at a predetermined or well 
known location so that the MBS time pchronization may adjust for a known amount of signal propagation delay in the 
synchroncationstgnaL 

20 (ib) Establishing the location of the MBS 148. In one embodiment, this may be accomplished by, for example, an MBS operator identifying 
the predetermined or well known location at which the MBS 148 is locate! 
(ic) Communicating with, for example, the <jn emergency center via the fixed location base station infrastructure to identify the MBS 148 
as in the ready state. 

Thus, while in the ready state 1708, as the MBS 148 moves, it has its location repeatedly (re)-estimated via, for example, 6PS signals, 
25 location center^ location estimate from the base stations 722 (and 152), and an on-board deadreckoning subsystem 1527 having an MBS 
location estimator according to the programs described hereinbelow. However, note that the accuracy of the base station time synchronization 
(via the ribidium oscillator 152.0) and the accuracy of the MBS 148 location may need to both be periodically recalibrated according to (ia) and 
(ib) above. 

Assuming a 9 n signal is transmitted by a target MS 140, this signal is transmitted, via the fixed location base station infrastructure, 
30 to the 911 emergency center and the location center^ and assuming the MBS 148 is in the ready state 1708, if a corresponding 911 emergency 
request is transmittal to the MBS (via the base station infrastructure) from the 911 emergency center or the location cento; then the MBS may 
transition to a seek state yjn by performing the following steps: 
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(2a) Communicating with, (or example, the 911 emergency response center via the fixed location base station network to receive the PH 
code for the taiget Mi to be looted (wherein this communication is performed using the HS-Gke transceiver p and/or the MBS 
op^ator tdephony interface 1524). 
(zb) Obtaining a most recent target Mi location estimate from either the in emergsicy center or the location center 142. 
5 (2£) Inputting by the MBS operator an acknowletfgment of the target Hi to be looted, and transmitting this acknowledgment to the 911 
emergency response center via the transceiver 192. 

Subsequently, when the MBS 148 h in the seek state 1712, the MBS may commence toward the target Hi location estimate provided. 
Note that it is likely that the MBS is not initially in direct signal contact with the target MS. Accordingly, in the seek state 1712 the following 
steps may be, for example, performed: 
1 0 fea) The location centeri/pt or the 911 emergency response center may inform the target MS, via the fixed location base station network, 
to lower its threshold for soft hand-off and at least periodically boost its location signal strength. Additionally, the target HS may 
be informed to son for the pilot channel of the MBS 148. (Note the actions here are not, actions performed by the MBS 148 in the 
"seek state"; however, these actions are given here for clarity and completeness.) 
(jb) Repeatedly, as sufficient new MS location information is available, the location center 142 provides new MS location estimates to the 
15 MBS 148 via the fixed location tese station network. 

Qc) The MBS repeatedly provides the MBS operator with new target MS location estimates provided substantially by the location center via 
the fixed location base station network. 

fed) The MBS 148 repeatedly attempts to detect a signal from the target MS using the PH code for the target HS. 

fee) The MBS 148 repeatedly estimates its own location (as in other states as well), and receives MBS location estimates from the location 
20 center. 

Assuming that the MBS 148 and target HS 140 detect one another (which typically occurs when the two units are within .2j to 1 miles 
of one another), the MBS enters a contact state 1716 when the target MS 140 enters a soft hand-off state with the MBS. Accordingly, in the 
contact state 1716, the following steps are, for example, performed: 
(4a) The MBS 148 repeatedly estimates its own location. 
25 (4h) Repeatedly, the location center 142 provides new target MS 740 and MBS location estimates to the MBS 148 via the feted location base 
infrastructure network. 

(4c) Since the MBS 148 is at least in soft hand-off with the target MS 140, the MBS can estimate the direction and distance of the target MS 
itself using, for example, detected target MS signal strength and TOA as well as using any recent location center target MS location 
estimates. 

30 (4d) The MBS 148 repeatedly provides the MBS operator with new target MS location estimates provided using MS location estimates 
provided by the MBS itself and by the location center via the fixed location base station network. 
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Mien the target MS 140 detects that die MBS pilordiannd is soffidentiy strong, the target MS may jwitchtoming the UBS 148 at to 
primary base station. When this occurs, the MBS enters a control state 1720, whffdn the following steps are, for example, performed: 
(ja) The MBS 148 repeatedly estimates its own location. 

($b) Repeatedly, the location center 142 provide new target MS and MBS location estimate to the MBS 148 via the network of tee 
5 stations 122 (152). 

ftc) The MBS 148 estimates the direction and distance of the target MS 140 itself using, for example, detected target Mi signal strength and 

TOA as well as using any recent location center target MS location estimates, 
fed) The MBS 148 repeatedly provides the MBS operator with new target Mi location estimates provided using MS location estimates 
provided by the MBS itself and by the location center 142 via the fixed location base station network. 
1 0 fee) The MBS 14$ becomes the primary base station for the target MS 140 and therefore controls at least the signal strength output by the 
target MS. 

Kote, there an be more than one MBS148 tracking or locating an MS 140. There can also be more than one target MS 140 to be tracked 
concurrently and each target MS being tracked may be stationary or moving. 

MBS Subsystem Architecture 

15 An MBS 748 uses MS signal characteristic data for locating the MS 140. The MBS 148 may use such signal characteristic data to facilitate 
determining whether a given signal from the MS is a "direct shot" or an multipart signal. That is, in one embodiment, the MBS 148 attempts to 
determine or detect whether an MS signal transmission is received directly, or whether the transmission has been reflected or deflected For 
example, the MBS may determine whether the expected signal strength, and TDA agree in distance estimates for the MS signal transmissions. 
Hote, other signal characteristic may also be used, if there are sufficient electronics and processing available to the MBS 148; i.e., determining 

20 signal phase and/or polarity as other indications of receiving a "direct shot" from an MS 140. 

In one embodiment, the MBS 148 (Fig. 11) includes an MBS controller igj for controlling the location capabilities of theMBS 148. In 
particular, the MBS controller 1$$ initiates and controls the MBS state changes as described in Fig. 12. Additionally, the MBS controller 7$ also 
communicates with the location controflengj, wherein this latter controller controls MBS activities related to MBS location and target MS 
location. The location controller ijjj receives data input from an event generator^ for generating event records to be provided to the 

25 location controller ij& For example, records may be generated from data input received from: (a) the vehicle movement detector 139 
indicating that the MBS 148 has moved at least a predetermined amount and/or has changed direction by at least a predetermined angle, or (b) 
the MBS signal processing subsystem 1541 indicating that the additional signal measurement data has been received from either the location 
center 142 or the target MS 140. Mote that the MBS signal processing subsystem ljp, in one embodiment « sunflar to the signal processing 
subsystem 1220 of the location center 142. may have multiple command schedulers. In particular, a scheduler 1528 for commands related to 

30 communicating with the location center 142, a schedulers for commands related to 6PS communication (via 6PS receiver igi), a scheduler 
i$H for commands related to the frequency and granularity of the reporting of MBS changes In direction and/or position via the MBS dead 
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reckoning subsystem 197 (note that this scheduler is potentially optional and that such command) may be provided directly to the 
deadreckoning estimator 1544), and a scheduler lgi for communicating with the target MS(s) 140 being tooted. Further, it is assumed that 
there is sufficient hardware and/or software to appear to perform commands in different schedulers substantially concurrently. 

In order to display an flBS computed location of a target MS 140, a location of the MBS must be known or dtfermined. Accordingly, each 

5 NBS148 has a plurality of MBS location estimators (or hereinafter also simply referred to as location estimators) for determining the location of 
the MBS. Each snch location estimator computes MBS location information such as MBS location estimates, (hangs to MBS location estimates, or, 
an MBS location estimator may be an interface for buffering and/or translating a previously computed MBS location estimate into an appropriate 
format. In particular, the MBS location module 136, which determines the location of the MBS, may include the following MBS location 
estimators 1540 (also denoted baseline location estimators): 

10 (a) a GPS location estimator 1540a (not individually shown) for computing an MBS location estimate using 6PS signals, 

(b) a location center location estimator 1540b (not individually shown) for buffering and/or translating an MBS estimate received from 
the location center^ 

(c) an MBS operator location estimator 1540c (not individually shop) for buffering and/or translating manual MBS location entries 

received from an MBS location operator, and 
1 5 (d) in some MBS embodiments, an LBS location estimator Mod (not individually shown) for the activating and deactivating of IBS's 152. 

Hote that, in high multipart areas and/or stationary base station marginal coverage areas, such low cost (oration base stations 152 
(LBS) may be provided whose locations are fixed and accurately predetermined and whose signals are substantially only receivable 
within a relatively small range (e.g., 2000 feet), the range potentially being variable. Thus, by communicating with the LBS's 151 
directly, the MBS 148 may be able to quickly use the location information relating to the location base stations for determining its 
20 location by using signal characteristics obtained from the IBis 19. 

Bote that each of the MBS baseline location estimators 1540, such as those above, provide an actual MBS location rather than, for example, a 
change in an MBS location farther note that it it an aspect of the present invention that additional MBS baseline location estimators 1540 may 
be easily integrated into the MBS location subsystem ijoi as such baseline location estimators become available, for example, a baseline location 
estimator that receives MBS location estimates from reflective codes provided, for example, on streets or street signs an be straightforwardly 
25 incorporated into the MBS location subsystem 1508. 

Additionally, note that a plurality of MBS location technologies and their corresponding MBS location estimators are utilized due to the 
fact that there is currently no single location technology available that is both sufficiently fast, accurate and accessible in substantially all terrains 
to meet the location needs of an HBSiqX. For example, in many terrains 6PS technologies may be sufficiently accurate; however, 6PS 
technologies: (a) may require a relatively long time to provide an initial location estimate (eg., greater than 2 minutes); (b) when GPS 
30 communication is disturbed, it may require an equally long time to provide a new location estimate; (c) clouds, buildings and/or mountains can 
prevent location estimates from being obtained; (d) in some cases signal reflections an substantially skew a location estimate. As another 
example, an MBS 148 may be able to use triangulation or ^lateralization technologies to obtain a location estimate; however, this assumes that 
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there is soffident (fixed location) iufranmcture BS ara?ge in the area the MBS is looted, further, it is wdl known that the oiQltipatb 
phenomenon can subttamMIy distort such location estimates. Thus, for an MBS 148 to be highly effective in varied terrains, an MBS is provided 
with a plurality of location technologies, each supplying an MBS location estimate. 

In fact, much of the architecture of the location engine^ could be incorporated into an MBS 14S. For example, in some 
5 embodiments of the MBS 148, the following POMs 1224 may have similar location models incorporated into the MBS: 

(a) a variation of the TOO FOH 1224 wherein IDA signals from communicating fixed location BS's are received (via the MBS 

transceiver 7512) by the MBS and used for providing a location estimate; 

(b) a variation of the artificial neural net based (Wis 1224 (or more generally a location learning or a classification model) may be 
used to provide MBS location estimates via, for example, learned associations between fixed location BS signal characteristics 

10 and geographic locations; 

(c) an IBS location FOM 1224 for providing an MBS with the ability to activate and deactivate LBS's to provide (positive) MBS 

location estimates as well as negative MBS location regions (Le., regions where the MBS is unlikely to be since one or more 
LBS's are not detected by the MBS transceiver); 

(d) one or more MBS location reasoning agents and/or a location estimate heuristic agents for resolving MBS location estimate 
1 s conflicts and providing greater MBS location estimate accuracy. For example, modules similar to the analytical reasoner 

module 1416 and the historical location reasoner module 1424. 
However, for those MBS location models requiring communication with the base station infrastructure, an alternative embodiment is 
to rely on the location center 142 to perform the computations for at least some of these MBS fOM models. That is, since each of the MBS location 
models mentioned immediately above require communication with the network of fixed location BS's 122 (19), it may be advantageous to 
20 transmit MBS location estimating data to the location center 142 as if the MBS were another MS 140 for the location center to locate, and thereby 
rely on the location estimation capabilities at the location center rather than duplicate such models in the MBS 14S. The advantages of this 
approach are that: 

(a) an MBS is likely to be able to use lets expensive processing power and software than that of the location center; 

(b) an MBS is likely to require substantially less memory, particularly for data bases, than that of the location center. 

25 As will be discussed further below, in one embodiment of the MBS 14s, there are confidence values assigned to the locations output by the 
various location estimators 1540. Thus, the confidence for a manual entry of location data by an MBS operator may be rated the highest and 
followed by the confidence for (any) 6PS location data, followed by the confidence for (any) location center location 142 estimates, followed by 
the confidence for (any) location estimates using sigral characteristic data from LBSs. However, such prioritization may vary depending on, for 
instance, the radio coverage area 120. In an one embodiment of the present invention, it is an aspect of the present invention that for MBS 

30 location data received from the 6PS and location center, their confidences may vary according to the area in which the MBS 148 resides. That h, 
if it is known that for a given area, there is a reasonable probability that a GPS signal may soger multipart distortions and that the location 
center has in the past provided reliable location estimates, then the confidences for these two location sources may be reversed. 
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Id one embodiment of the present invention, MBS operators may be requested to occasionally manually enter the location of the MBS 148 
when the MBS is stationary for determining and/or calibrating the accuracy of various MBS location estimators. 

There is an additional important source of location information for the MBS 14$ that is incorporated into an MBS vehicle (inch as a 
police vehicle) that has no comparable functionality in the network of fixed location Bl's. That is, the MBS 14S may use deadrectoning 
5 information provided by a deadreckoning MBS location estimator 1544 whereby the MBS may obtain MBS deadreckoning location change 
etimates. Accordingly, the deadreckoning MBS location estimator 1544 may use, for example, an on-board gyroscope ijjo, a wheel rotation 
measurement data (e&, odometer) 1554, and optionally an accderometer (not shown). Thus, such a deadreckoning MBS location estimator 
1544 periodically provides atleast MBS distance and directional data related to MBS movements from a most recent MBS location estimate. More 
precisely, in the absence of any other new MBS location information, the deadreckoning MBS location estimator 1544 outputs a series of . 
1 0 measurements, wherein each such measurement is an estimated change (or delta) in the position of the MBS 148 between a request input 
timettamp and a closest time prior to the thnestamp, wherein a previous deadreckoning terminated. Thus, each deadreckoning location change 
estimate includes the following fields: 

(a) an "earliest timestamp" field for designating the start time when the deadreckoning location change estimate commences 
measuring a change in the location of the MBS; 
15 (b) a "latest timestamp" field for designating the end time when the deadreckoning location change estimate stops measuring a 

change in the location of the MBS; and 
(c) an MBS location change vector. 

That is, the "latest timestamp" is the timestamp input with a request for deadreckoning location data, and the "earliest timestamp" is the 
timestamp of the closest time, T, prior to the latest timestamp, wherein a previous deadreckoning output has its a timestamp at a time equal to 
20 T. 

further, the frequency of such measurements provided by the deadreckoning subsystem ip7 may be actively provided depending w> the 
velocity of the MBS 14s and/or the elapsed time since the most recent MBS location update Accordingly, the architecture of at least some 
embodiments of the MBS location subsystem 1508 must be such that it can utilize such deadreckoning information for estimating the location of 
theMBSitf. 

25 In one embodiment of the MBS location subsystem 1508 described in further detail hereinbelow, the outputs from the deadreckoning MBS 
location estimator 1544 are used to synchronize MBS location estimates from different MBS baseline location estimators. That is, since such a 
deadreckoning output may be requested for substantially any time from the dead reckoning MBS location estimator, such an output can be 
requested for substantially the same point to time as the occurrence of the sprit from which a new MBS baseline location estimate is derived. 
Accordingly, such a deadreckoning output an be used to update other MBS location estimates not using the new MBS baseline location estimate, 

30 It is assumed that the error with dead reckoning increases with deadreckoning distance. Accordingly, it is an aspect of the embodiment of 
the MBS location subsystem 1508 that when incrementally updating the location of the MBS 14S using deadreckoning and applying deadreckoning 
location change estimates to a "most likely area" in which the MBS 148 is believed to be, this area is incrementally enlarged as wdl as shifted. 
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The enlargement of the area is used to account for the inaccuracy in the deadreckoning capability. Bote, however, that the deadreckoning HBS 
location estimator h periodically reset so that the error accumulation in its outputs an be decreased. In particular, such resetting occurs when 
there is a high probability that the location of the HBS is known. For example, the deadreckoning HBS location estimator may be reset when an 
HBSoperator manually enters an HBS location or verifies an HBS location, or a computed HBS location has sufficiently high confidence. 

5 Thus, due to the MBS 148 havtag tes accurate location Inf&nnation (both aboot itself and a target MS 140X and fiirther that ffeadrectonlng 
information must be utilized in maintaining HBS location estimates, a first embodiment of the HBS location subsystem architecture is somewhat 
different from the location engine TJ9 architecture. That is, the architecture of this first embodiment is simpler than that of the architecture of 
the location engine ijq. However, it important to note that, ata high level, the architecture of the location engines may also be applied for 
providing a second embodiment of the HBS location subsystem ijoi, as one skilled in the art will appreciate after reflecting on the architectures 

1 0 and processing provided at an HBS 14! For example, an MBS location subsystem 150* architecture may be provided that has one or more first 
order models 1224 whote output rs supplied to, for example, a blackboard or expert system for resolving HBS location estimate conflicts, such an 
architecture being analogous to one embodiment of the location engine w architecture. 

Furthermore, it is also an important aspect of the present invention that, at a high tod, the HBS location subsystem architecture may also 
be applied as an alternative architecture for the location engine ift For example, in one embodiment of the location engine 139, each of the 

1 5 first order models 1224 may provide its HS location hypothesis outputs to a corresponding "location track," analogous to the HBS location tracks 
described hereinbelow, and subseipientiy, a most likely HS current location estimate may be developed in a "current location track" (also 
described hereinbelow) using the most recent location estimates in other location tracks. Thus, the location estimating models of the location 
center 139 and those of the HBS 148 are may be interchanged depending on the where it is deemed most appropriate for such each such model to 
reside. Additionally, note that in different embodiments of the present invention, various combinations of the location crater location 

20 architecture and the mobile station architecture may be utilized at either the location center or the HBS 148. Thus, by providing substantially all 
location estimating computational models at the location center^, the models described here for locating the MBS 148 (and eiiuivalently, its 
incorporated HS 140) can be used for locating other MSs 140 that are be capable of supporting transmission of wireless signal measurements that 
relate to models requiring the additional dectronio available at the NBS 140 Ce^., GPS or other satellite signals used for location). 

Further, note that the ideas and methods discussed here relating to HBS location estimators 1540 and HBS location tracks, and, the related 

25 programs hereinbelow are sufficiently general so that these ideas and methods may be applied in a number of contexts related to determining the 
location of a device capable of movement and wherein the location of the device must be maintained in real time. For example, the present ideas 
and methods may be used by a robot in a my cluttered environment (e&, a warehouse), wherein the robot has access: (a) to a plurality of 
"robot location estimators" that may provide the robot with sporadic location information, and (b) to a deadreckoning location estimator. 
Each HBS 148, additionally, has a location display (denoted the HBS operator visual user interface 1558 in Fig. 11) where area maps that 

30 may be displayed together with location data. In particular, HS location data may be displayed on this display as a nested collection of areas, 
each smaller noted area being the most likely area within (any) encompassing area for locating a target HS 140. Note that the HBS controller 
algorithm below may be adapted to receive location center 142 data for displaying the locations of other HBSs 148 as well as target HJs 140. 
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further, the MBS 148 may constrain any location estimates to streets on a street map using the MBS location snap to street module 1561. 
For example, an estimated MBS location not on a street may be "snapped to" a nearest street location Note that a nearest street location 
determiner may use "normal" orientations of vehicles on streets as a constraint on the nearest street location. Particularly, if an MBS 148 is 
movingat typical tarn of speed and acceleration, and without abrupt changes direction. Tor example, if the deadreckoning MBS location 

5 estimators indicates that the MBS 148 is moving in a northerly direction, then the street mapped to should be a north-south running street. 
Moreover, the MBS location snap to street module 1562 may also be used to enhance target MS location estimates when, for example, it is known 
or suspected that the target MS 140 is in a vehicle and the vehicle is moving at typical rates of speed, furthermore, the snap to street location 
module 1562 may also be used in enhancing the location of a target MS 140 by either the MBS 148 or by the location engine w In particular, 
the location estimators or an additional module between the location estimator 344 and the output gateway 1$ may utilize an 

1 0 embodiment of the snap to street location module 1562 to enhance the accuracy of target MS 140 location estimates that are Known to be in 
vehicles. Note that this may be especially useful in locating stolen vehicles that have embedded wireless location transceivers (HSs 140), wherein 
appropriate wireless signal measurements can be provided to the location center 141 

MBS Data Structure Remarks 

Assuming the existence of at least some of the location estimators 1540 that were mentioned above, the discussion here refers substantially 
15 to the data structures and their organization as illustrated in fig. 1;. 

The location estimates (or hypotheses) for an MBS 143 determining its own location each have an error or range estimate associated with 
the MBS location estimate. That is, each such MBS location estimate includes a "most likely MBS point location" within a "most likely area". The 
"most likely MBS point location" is assumed herein to be the centroid of the "most likely area." In one embodiment of the MBS location 
subsystem rjoJt, a noted series of "most likely areas" may be provided about a most likely MBS point location. However, to simplify the 
20 discussion herein each MBS location estimate is assumed to have a single "most likely area". One skilled in the art will understand how to provide 
such nested "most likely areas" from the description herein. Additionally, it is assumed that such "most likely areas" are not grossly oblong; Le., 
area cross sectioning lino through the centroid of the area do not have large differences in their lengths. For example, for any such "most likely 
area", A, no two such cross sectioning lines of Athrough the centroid thereof may have lengths that vary by more than a factor of five. 
Each MBS location estimate also has a confidence associated therewith providing a measurement of the perceived accuracy of the MBS being 
25 in the "most likely area" of the location estimate. 

A (MBS) "location track" is an data structure (or object) having a queue of a predetermined length for maintaining a temporal 
(timeitamp) ordering of "location track entries" such as the location track entries 1770a, 1770b, 1774a, 1774b, 1778a, 1778b, 178a, 1782b, and 
1786a (fig. 1 j), wherein each such MBS location track entry is an estimate of the location of the MBS at a particular corresponding time. 
There is an MBS location track for storing MBS location entries obtained from MBS location estimation information from each of the MBS 
30 baseline location estimators described above (i.e., a 6PS location track 1750 for storing MBS location estimations obtained from the GPS location 
estimator 1540, a location center location track 7754 for storing MBS location estimations obtained from the location estimator 1540 deriving its 
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MBS location etiroates from the location center 142, an LBS location trade 1758 for storiqg MBS location estimation; obtained from the location 
estimator w deriving its MBS location estimate* from base stations 122 anfl/onp, and a manual location track 1761 for MBS operator entered 
MBS locations). Additionally, disc is one further location track, denoted the "current location trade" 1766 whose location track entries may be 
derived from the entries in the other location trades (described further hereuibetow). farther, for each location track, there is a location track 
5 head that is the head of the queoe for the location track. The location track head is the most recent (and presumably the most accurate) MBS 
location estimate residing in the (oration track. Thus, for the 6PS location track w has location track head 7770; the location center location 
track 1754 has location track head 1774; the IBS location track 1758 has location track head 1778; the manual location track 1762 has location 
track head 77S2; and the current (oration track 1766 has location track head 17ft. Additionally, for Rotational convenience, for each location 
track, the time series of previous MBS location estimations (i.e., location track entries) in the location track will bra be denoted the "path for 
10 the location tract" Such paths are typically the length of the location track queoe contatniag the path. Mote that the length ofeach such queue 
may be determined using at least the following considerations: 

0) In certain circumstances (described herelnbelow), the location track entries are removed from the head of the location track 
queues so that location adjustments may he made. In such a rase, it may tie advantageous for the length of such queues to be 
greater than the number of entries that are expected to be removed; 
15 (i9 In determining an MBS location estimate, it may be desirable in some embodiments to provide new location estimates based on 

paths associated with previous MBS location estimates provided in the corresponding location track queue. 
Also note that it is within the scope of the present Invention that the location track queue lengths may be a length of one. 
Regarding location track entries, each location track entry includes: 

(a) a "derived location estimate" for the UBS that is derived using at least one of; 
20 0) at least a most recent previous output from an MBS baseline location estimator 1540 (i.e., the output being an MBS 

location estimate); 

(ii) deadreckoning output information from the deadreckoning subsystem 1527. 
further note that each output from an MBS location estimator has a "type" field that is used for identifying the MBS location 
estimator of the output 

25 (b) an "earliest timestamp" providing the time/date when the earliest MBS location information upon which the derived location 

estimate for the MBS depends. Note this wDI typically be the timestamp of the earliest MBS location estimate (from an MBS 
baseline location estimator) that supplied MBS location information used in deriving the derived location estimate for the MBS 
148. 

(c) a "latest timestamp" providing the tone/date when the latest MBS location information upon which the derived location 
30 estimate for the MBS depends. Note that earfet timestamp = latest timestamp only for so called "baseline entries" as 

defined hereinbelow. further note that this attribute is the one used for maintaining the "temporal (timestamp) ordering* 
of location track entries. 
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(d) A "deadreckoning distance" indicating the total distance (e&, wheel turns or odometer difference) since Hie most recently 
previous baseline entry for the corresponding UBS location estimator for the location track to which the location track entry 
is assigned. 

for each MBS location track, there are two eateries of NBS Won track entries that may he inserted into a MB J Won trade 
5 (a) "baserine" entries, wherein each such baseline entry includes (depending on the location track) a location estimate for the MBS 

148 derived from: (i) a most recent previous output either from a corresponding MBS baseline location estimator, or (ii) from 
the baseline entries of other location tracks (this latter case being the for the "current" location track); 

(b) "extrapolation" entries, wherein each such entry includes an MBS location estimate that has been extrapolated from the (most 
recent) location track head for the location track (Le., based on the track head whose "latest tfraestarap" immediately 

10 precedes the latest tiraestamp of the extrapolation entry). Each such extrapolation entry h computed by usiqg data from a 

related deadreckoning location change estimate output from the deadreckoning MBS location estimator 1544. Each such 
deadreckoning location change estimate includes measurements related to changes or deltas in the location of the MBS 14& 
More precisely, for each location track, each extrapolation entry is determined using: (i) a baseline entry, anil (ii) a set of one 
or more p.t, all later occurring) deadreckoning location change estimates in increasing "latest ttaestamp" order. Dote that 

1 5 for notatfonal convenience this set of one or more deadreckoning location change estimates will be denoted the 

"deadreckoning location change estimate set" associated with the extrapolation entry resulting from this set. 

(c) Dote that for each location track head, it is either a baseline entry or an extrapolation entry, further, for each extrapolation 

entry, there is a most recent baseline entry, B, that is earlier than the extrapolation entry and it is this B from which the 
extrapolation entry was extrapolated. This earlier baseline entry, B, is hereinafter denoted the "baseline entry associated 

20 with the extrapolation entry." More generally, for each location track entry, T, there is a most recent previous baseline 

entry, B, associated with T, wherein if T is an extrapolation entry, to B is as defined above, else if T is a baseline entry itself, 
then T = B. Accordingly, note that for each extrapolation entry that is the head of a location track, there is a most recent 
baseline entry associated with the extrapolation entry. 
Further, there are two eateries of location tracks: 

25 (a) "baseline location tracks," each having baseline entries exclusively from a single predetermined MBS baseline location estimator; 

and 

(b) a "current" MBS location track having entries that are computed or determined as "most likely" MBS location estimates from 
entries in the other MBS location tracks. 

MBS Location Estimating Strategy 



3 0 In order to be able to properly compare the track heads to determine the most likely MBS location estimate it is an aspect of the present 
invention that the track heads of all location tracks include MBS location estimates that are for substantially the same (latest) timestamp. 
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However, the MBS location information from each MBS baseline location estimator is inherently substantially unpredictable and umynchronizcd. 
In fact, the only MBS location information that may be considered predicate and controllable is the deadreckoning location change estimates 
from the deadreckoning HBS location estimator 1544 in that these estimates may reliably be obtained whenever there is a query from the 
location controller 135 for the most recent estimate in the change of the location for the MBS 148. Consequently (referring to Fig. 13), 
5 synchronization records 1790 (having at least a 1790b portion, and in some cases also having a 1790a portion) may be provided for updating each 
location track with a new MBS location estimate as a new track heal In particular, each synchronization record includes a deadreckoning 
location change estimate to be used in updating aD hi t at most one of the location track heads with a new MBS location estimate by using a 
deadreckoning location change estimate in conjunction with each HBS location estimate from an MBS baseline location estimator, the location 
track heads may be synchronized according to timestamp. More precisely, for each MBS location estimate, E, from an MBS baseline location 

10 estimator, the present invention also substantially simultaneously queries the deadreckoning MBS location estimator for a corresponding most 
recent change in the location of the MBS 14& Accordingly, E and the retrieved MBS deadreckoning location change estimate, C have 
substantially the same "latest timestamp". Thus, the location estimate E may be used to create a new baseline track head for the location track 
having the corresponding type for E, and ( may be used to create a corresponding extrapolation entry at the head of each of the other location 
tracks. Accordingly, since for each MBS location estimate, E, there is a MBS deadreckoning location change estimate, C having substantially the 

1 5 same "latest timestamp", E and ( will be hereinafter referred as "paired." 

Wireless Location Applications 

Such wireless location applications as were briefly described above in reference to the gateway 142 will now be described in further 
detail. Note that the following location related services are considered within the scope of the invention, and such services an, in general, be 
provided without use of a gateway 742, albeit, e&. in a likely more restricted context wherein not all available wireless location estimating 
20 techniques are utilized, and/or by multiplying the number of interfaces to geolocation service providers (eg, distinct wireless location interfaces 
are provided directly to each wireless location service provider utilized). 

Routing Affiliation! 

In one noteworthy routing application, hotels and other personal service providers, such as auto rental agencies, hotels, resorts and 
cruise ships may provide an inexpensive MS 140 that can be used substantially only for contacting: (i) the personal service, (ii) emergency services, 

25 and/or (iii) receiving directions to return to the personal service. Accordingly, the MS 140 may be wireleisly located during operations (ii) and 
(ili) via wireless communications between the MS 140 and a local commercial wireless service provider wherein a request to locate the MS 140 Is 
provided to, e.g., the gateway 142, and the resulting MS location estimate is: provided to a public safety emergency center (e&, E911) for 
dispatching emergency services, or provided to a mappingand routing system such as provided by Maplnfo or disclosed in the LeBlanc et al. 
patent application filed Jan. 22, 1119 and having l)i Patent Bo. 6,256365 (which is fully incorporated herein by reference) so that the US 140 user 

30 may be routed safely and expeditiously to a predetermined location of the personal service. Hote that data representing the location of the 
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penonal service an be associated with an identification of the MS 140 so that MS activation for (iii) above resolts in one or more audio and/or 
visual presentations of directions for directing the user to return to the personal service 

The MS 140 and the MS location providing wireless network (e£, a (MRS, a PSTH 124 or the Internet 468) may also provide the MS 
user with the ability to explicitly request to be substantially continuously tracked, wherein the MS tracked locations are stored for access by those 
5 having permission (e&, the user, parents and/or associate of the user). Additionally, the velocity and/or expected time of arrival at a 
predetermined destination may be derived from such tracking and may be provided to the user or his/her associates (e£, employer, friends, 
and/or family), further, note that this tracking and notification of information obtained therefrom may be provided via a commercial telephony 
or Internet enabled mobile station, or a mobile station in operable communication with a short messaging service. For example, the MS 
registered owner may provide permissions for those able to access such MS tracking information so that such information can be automatically 

10 provided to certain associates and/or provided on request to certain associates. Additionally, note that the MS 140 and the MS location providing 
wireless network may also allow the MS user to deactivate such MS tracking functionality. In one embodiment, an MS user may activate such 
tracking for his/her MS 140 during working hours and deactivate such tracking during non-working hours. According an employer can then 
track employee's whereabouts during work hours, while the employee is able to retain his/her location privacy when not working although the 
employer may be still able to contact the employee in case of an emergency during the employee's non-working time. Note, that this location 

1 5 capability and method of obtaining location information about an MS user while assuring privacy at other times may be useful for appropriately 
monitoring in personnel in the military, hospitals, transportation services (e.g, for couriers, bus and taxis driven), telecommunications 
personnel, emergency rescue and correctional institution personnel further, note that this selective MS location capability may be performed in 
a number of ways. For example, the MS 140 may activate and deactivate such tracking by dialing a predetermined number (tg„ by manually or 
speed dialing the number) for switching between activation of a process that periodically requests a wireless location of the MS 140 from, e.g., the 

20 location gateway 142. Note that the resulting MS location information may be made available to other users at a predetermined phone number, 
Internet address or having sufficient validation information (e.g., a password). Alternatively, the MS location providing wireless network may 
automatically activate such MS tracking for predetermined times of the day and for predetermined days of the week. Dote that this latter 
embodiment may be particularly useful for both tracking employees, e.g., at large construction sites, and, eg., determining when each employee 
is at his/her work site. Thus, in this embodiment, the MS location providing wireless network may provide database storage of times and days of 

25 the week for activation and deactivation of this selective MS tracking capability that is accessible via, tg., a network service control point 104 (or 
other telephony network control points as one skilled in the art will understand), wherein triggers may be provided within the database for 
generating a network message (to, e&, the gateway 142) requesting the commencement of tracking the MS 140 or the deactivation of such 
tracking. Accordingly, the resulting MS location information may be provided to an employer's tracking and payroll system so that the employer 
is able to determine the actual time an employee arrives at and leaves a work location site. 

30 In another routing related application of the present invention, an MS 140 and the MS location providing wireless network may 

provide the MS user with functionality to register certain locations so that data representing such locations can be easily accessed for use at a later 
time. For example, the MS 140 user may be staying at a hotel in an unfamiliar area. Accordingly, using the present capability of the invention, 
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the user on request, via his/her MS 140, that hb/her location at the hotel be determined and registered so that it is available at a later time for 
rooting the user back to the hoteL In fact, the user may have persona! location registrations of a plurality of locations in various cities and 
countries so that when traveling the user has wireless access to directions to preferred locations such as his/her hotel, preferred restaurants, 
shopping areas, scenic areas, rendezvous points, theatres, athletic events, churches, entertainment establishments, locations of acquaintances, etc. 
5 Hote, that such personal location registration information may reside primarily on the user's subscriber network, but op the MS user's request, 
his/her personal location registrations may be transmitted to another network from which the user it receiving wireless services as a roamer. 
Moreover, any new location registrations (or deletions) may be duplicated in the user's personal registration of the user's subscriber network. 
However, in some instances an MS user may wish to retain such registered locations only temporarily while the user is in a particular area; tg., a 
predetermined network coverage area. Accordingly, the MS user may indicate (or such may be the default) that a new personal location 

1 0 registration be retained for a particular length of time, and/or until a location of the user is outside the area to which such new location 
registrations appear to be applicable. However, prior to deleting any such registrations, the MS oser may be queried to confirm such deletions, 
for example, if the MS user has new location registrations for the Dallas, Texas area, and the MS user subsequently travels to London, then upon 
the firstwireless location performed by the MS user for location registration services, the MS user may be queried as whether to save the new 
Dallas, Texas location registrations permanently, for an particular length of time (e.g. 30 days), or delete all or selected portions thereof. 

1 5 Other muting related applications of the present invention are for security (e.g., tracking how do I get back to my hotel safely), and, 

eg., sight seeing guided tour where the is interactive depending on feedback from users 

AiyffiififltAppliatiM 

Advertising may be directed to an MS 140 according to its location. In at least some studies it is believed that MS 140 users do not 
respond well to unsolicited wireless advertisement whether location based or otherwise: However, in response to certain user queries for locally 
20 available merchandise, certain advertisements may be viewed as more friendly. Thus, by allowing an MS user to contact, e&, a wireless 
advertising portal by voice or via wireless Internet, and describe certain products or services desired (eg., via interacting with an automated 
speech interaction unit), the user may be able to describe and receive (at his/her MS 140) audio and/or visual presentations of such products or 
services that may satisfy such a user's request, for example, a user may enter a request: "I need a Hawaiian shirt, who has such shirts near 
here?" 

25 In the area of advertising, the present invention has advantages both for the MS user (as well as the wireline user), and for product 

and service providers that are nearby to the MS user. For instance, an MS oser may be provided with (or request) a default set of advertiionents 
for an area when the MS user enters the area, registers with a hotel in the area, or makes a purchase in the area, and/or requests information 
about a particular product or service in the area. Moreover, there may be different collections of advertisements for MS users that are believed to 
have different demographic profiles an4/or purpose for being in the area. Accordingly, an MS whose location is being determined periodically 

30 may be monitored by an advertisement wizard such that this wizard may maintain a collection the MS user's preferences, and needs so that when 
the MS user comes near a business that an satisfy such a preference or need, then an advertisement relating to the fulfillment of the preference 
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or need may be presented to the Hi user. However, it is an aspect of the invention that such potential advertising presentations be intelligently 
selected using as much information about the user as is available. In particular, in one embodiment of the invention Hi user preferences and 
needs may be ordered according to importance. Moreover, such user preferences and needs may be categorized by temporal importance (Le., 
must be satisfied within a particular time frame, e& immediately, today, or next month) and by situational importance wherein user 
s preferences and needs in this eatery are less time critical (e£ r do not have to satisfied immediately, and/or within a specified time period), 
but if certain criteria are meet the user win consider satisfying such a preference or need. Thus, finding a Chinese restaurant for dinner may be 
in the temporal importance category while purchasing a bicycle and a new pair of athletic shoes may be ordered as listed hot in the situational 
category. Accordingly, advertisements for Chinese restaurants may be provided to the user at least partially dependent upon the user's location. 
Thus, once such a restaurant is selected and routing directions are determined, then the advertising wizard may examine advertisements (or 

1 o other available product inventories and/or services that are within a predetermined distance of the route to the restaurant for determining 
whether there is product or service along the route that could potentially satisfy one of the user's preferences or needs from the situational 
importance category. If so, then the MS user be may provided with the option of examining such product or service information and registering 
the locations of user selected businesses providing such products or services. Accordingly, the route to the restaurant may be modified to 
incorporate detours to one or more of these selected businesses. Of course, an Hi user's situational^ categorized preferences and needs may allow 

is the HS user to receive unrequested advertising during other situations as welL Thus, whenever an Hi user is moving such an advertisement 
wizard (e&, if activated by the user) may attempt to satisfy the Hi user's preferences and needs by presenting to the user advertisements of 
nearby merchants that appear to be directed to such user preferences and needs. 

Accordingly, for Hi user preferences and needs, the wizard will attempt to present information (tg., advertisements, coupons, 
discounts, product price and quality comparisons) related to products and/or services that may satisfy the user's corresponding preference or 

20 need: (a) within the time frame designated by the Hi user when identified as having a temporal constraint, and/or (b) consistent with situational 
criteria provided by the Hi user (e.g., item on tale, item is less than a specified amount, within a predetermined traveling distance and/or time) 
when identified as having a situational constraint Moreover, such Information may be dependent on the geolocation of both the user and a 
merchants) having such products and/or services. Additionally, such information may be depdent on a proposed or expected user route (e.g., a 
route to work, a trip route), Tims, items in the temporal category are ordered according how urgent must a preference or need must be 

25 satisfied, while items in the sitoational category may be substantially unordered and/or ordered according to desirableness (tg., an Hi user 
might want a motorcycle of a particular make and maximum price, want a new car more). However, since items in the situational category may 
be fulfilled substantially serendipitous circumstances detected by the wizard, various orderings or no ordering may be used. Thus, e.g., if the HS 
user travels from one commercial area to another, the wizard may compare a new collection of merchant products and/or services against the 
items on an Hi user's temporal and situational lists, and at least alerting the Hi user that there may be new information available about a user 

30 desired service or product which is within a predetermined traveling time from where the user is. Note that such alerts may be visual (eg., 
tonal, or iconic) displays, or audio presentations using, e& synthesized speech (such as "Discounted motorcycles ahead three blocks at (ydes 
Cycles"). 



WO 01/95642 PCT/US01/17957 



82 

Hote that the advertising aspects of the prejent Indention may be utlHzed by an intelligent electronic yellow pago which can utflfee 
the Mi user's location (and/or anticipated locations; e& due to roadways being traversed) together with nser preference and needs (as well as 
other comtraifm) to both intelligently respond to user requests as well as intelligently anticipate user preferences and needs. A block diagram 
showing the hjgh level components of an electronic yellow pago accordipg to this aspect of the present invention is shown in Rg. 19. Accordingly, 

5 in one aspect of the present invention advertising is user driven in that the MS user is able to select advertising based on attributes such as; 
merchant proximity, traffic/parking conditions, the product/service desired, quality ratings, price, user merchant preferences, product/service 
availability, coupons and/or discounts. That is, the 115 user may be able to determine an ordering of advertisements presented based on, e.g., 
his/her selection inputs for categorizing such attributes. For example, the US user may request advertisements athletic shoes be ordered 
according to the fbltowiqg values: (a) within 20 minutes travel time of the MS user's current loation, (b) mMrange in price, (c) curreitly in 

10 stock, and (d) no preferred merchants. Mote that in providing atfyerftements acconling to the MS user's aiteria, the electronic yellow jrages may 
have to make certain assumptions such if the MS mer does not spaiiy a time for being at the merchant, the electronic yellow pages may default 
the time to a range of times somewhat longer than the travel time thereby going on the assumption that MS user will likely be traveling to an 
advertised merchant relatively soon. Accordingly, the electronic yellow pages may also check stored data on the merchant to assure that the MS 
user an access the merchant once the MS user arrives at the merchant's location (e.g., that the merchant is op for business). Accordingly, the 

1 5 MS user may dynamically, and in real time, vary such advertising selection parameters for thereby substantially immediately changing the 
advertising being provided to the user's MS. For example, the MS display may pro* an area for entering an identification of a product/service 
name wherein the network determines a list of related or complementary products/services. Accordingly, if an MS user desires to purchase a 
wedding gift, and knows that the couple to be wed are planning a trip to Australia, then upon the MS user providing input in response to 
activating a "related products/services 0 feature, and then inputting, tg., "trip to Australia" (as well as any other voluntary information 

20 indicating that the purchase is for: a gift, for a wedding, and/or a price of less than $100.00), then the intelligent yellow pages may be able to 
respond with advertisements for related products/services such as portable electric power converter for personal appliances that is available from 
a merchant local (and/or non-local) to the MS user. Moreover, such related products/services (an(/or "suggestion") functionality may be 
interact with the MS user. For example, there may be a network response to the MS user's above gift inquiry such as "type of gift: 
conventional or unconventional?". Moreover, the network may inquire as to the maximum travel time (or distance) the MS user Is willing to 

25 devote to findinga desired product/service, and/or the maximum travel time (or distance) the MS user is wing to devote to visiting any one 
merchant. Hote that in one embodiment of the electronic yellow pages, priorities may be provided by the MS user as to a presentation ordering 
of advertisements, wherein such ordering may be by: price 

Hote thatvarious aspects of such an electronic yellow pages described herein are not constrained to using the MS user's location. In 
general the MS user's location is but one attribute that an be intelligently used for providing users with targeted advertising, and importantly, 

30 advertising that is perceived as informative and/or addresses current user preferences and needs. Accordingly, such electronic yellow page aspects 
of the present invention in are not related to a change in the MS user's location overtime also apply to stationary communication stations such 
home computers wherein, eg., such electronic yellow p^ges are accessed via the Internet Additionally, the MS user may be able to adjust, e&, 
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via iconic (election jwitches (e& &tfttonj or tqggles) and ton range fped/ien (eg., ffider ten) the relevancy and a corresponding range for 
various pordtasrag criteria. In particular, once a paramet? is indicated as relevant (e&, via activating a toggle switch), a sSider bar may be used 
for indicating a relative or absolute valae (or the parameter. Thus, parameter values may be for- product/service quality ratings (e&, display 
given to highest quality), price (low comparable price to high comparable price), travel time (maximum estimated time to get to merchant), 
5 parking conditions. 

Accordingly, such electronic yellow pages may include the following functionality: 

(a) dynamically change as the user travels from one commertia) area to another when the MS user's location periodically 
determined such that local merchant's are given preference; 

(b) .rooting instructions are provided to the MS user when a merchant is selected; 

10 (c) provide dynamically generated advertisfqg that is related to an MS user's preferences or needs. For example, if an MS user 

wishes to purchase a new dining room s^ t then such an electronic ydlow p%es may dynamically generate advertisements with 
dining room sets therein for merchants that tell them. Dote that this aspect of the present invention is can be accomplished by 
having, tg., a predetermined collection of advertising templates that are assigned to particular areas of an MS user's display 
wherein the advertising information selected according to the itera(s) that the MS user has expressed a preferences or desire to 

1 5 . purchase, and addto'onally, according to the user's location, the user's preferred merchants, and/or the item's price, quality, as 

well as coupons, and/or discounts that may be provided. Thus, such displays may have a plurality of small advertisements that 
may be selected for hypertinking to more detailed advertising information related to a product or service the HS user desires. 
Hote that this aspect of the present invention may, in one embodiment, provide displays (and/to corresponding audio 
information) that is similar to Internet page displays. However, such advertising may dynamically change with the MS user's 

20 location such that MS user preferences and needs for a items 0ncluding services) having higher priority are given advertisement 

preference on the MS display when the MS user come within a determined proximity of the merchant offering the item. 
Moreover, the MS user may be able dynamically reprioritfee the advertising displayed and/or change a proximity constraint so 
that different advertisements are displayed, furthermore, the MS user may be able to request advertising information on a 
specified number of nearest merchants that provide a particular category of products or services. For example, an MS user may 

25 he able to request advertising on the three nearest Chinese restaurants that have a particular quality rating. Hote, that such 

dynamically generated advertising 
(d) information about MS user's preferences and needs may be supplied to yellow p^ge merchants regarding MS user's reside and/or 

travel nearby yellow subscriber merchant locations as described hereinabove 
The following is a high level description of some of the components shown in Tig. 19 of an illustrative embodiment of the electronic 

30 yellow paga of the present invention. 

a. Electronic yellow pages center: Assists both the users and the merchants in providing more useful advertising for 
enhancing business transactions. The electronic yellow pages center may be a regional center within the carrier, or 
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(as shown) an enterprise separate from the carrier. The center receive Input from users regarding preferences and 
needs which flnt received by the user interface. 

User interface Receives input from a user that validates the user via password, voice identification, or other 
biometric capability for identifying the user. Dote that the thatthe identification ofuser's communication device 
(eg., phone number) is also provided, for a user contact, the user interface does one of: (a) validates the user 
thereby allowing user access to further electronic yellow page services, (b) requests additional validation 
information from the user, or (c) Invalidates the user and rtfects access to electronic yellow p?ges. Bote that the 
user interface retrieves user identification information from the user profile database (described hereinbelow), and 
allows a validated user to add, delete, and/or modify such user identification information. 
User ad advisor: Provides user interface and interactions with the user. Receives an Idenffration/desmption of the 
user's communication device for determining an appropriate user communication technique. Note that the user ad 
advisor may also query (any) user profile available (using the user's identity) for determining a preferred user 
communication technique supported by the user's communication device, for example, if the user's communication 
device supports visual presentations, then the user ad advisor defaults to visual presentations unless there are 
additional constraints that preclude providing such visual presentations. In particular, the user may request only 
audio ad presentations, or merely graphical pages without video. Additionally, if the user's communication 
supports speech recognition, then the user ad advisor may interact with user solely via verbal interactions. Note 
that such purely verbal interactions may be preferable in some circumstances such as when the user can not safely 
view a visual presentation; e.g, when driving. Further note that the user's communication device may sense when 
it is electronically connected to a vehicle and provide such sensor information to the user ad advisor so that this 
module will then defaultto only a verbal presentation unless theuser requests otherwise Accordingly, the user ad 
advisor includes a speech recognition unit (not shown) as well as a presentation manager (not shown) for 
outputting ads in a form compatible both with the functional capabilities of the user's communication device and 
wMi the user's interaction preference, 

Note that the user ad advisor communicates: (a) with the user ad selection engine for selecting 
advertisements to be presented to the user, (b) with the user profile database for inputting thereto substantially 
persistent user personal information that an be used by the user ad selection engine, and for retrieving user 
preferences such as media preference!*) for presentations of advertisements, and (c) with the user preference and 
needs satisfaction agents for instantiating intelligent agents (eg., database triggers, initiating merchant requests 
for a product/service to satisfy a user preference or need). 

Also note that in some embodiments of the present invention, the user ad advisor may also interact with a 
user for obtaining feedback regar% (a) whethor the advertisements presented, the merchants represented, 
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1 are deemed appropriate by die user, and (b) the satisfaction with a merchant 
with which the user has Interactions. Id particular, such feedback may be initiated and/or controlled substantially 
by the user preference and needs satisfaction agent management system (described hereinbeiow). 



nser personal information, and identification of the user's communication device (e£, make , model, and/or 
software versions) bdog used). Hote that the user profile database may contain information about the user that is 
substantially persistent; tg„ preferences for: language (e* t English, Spanish, etc.), ad presentation media (e&, 
tpotcen, textual, graphical, antf/or video), maximum traveling time/distance for user preferences and needs of 



10 history, income, residential address, ?ge t set, ethnicity, marital status, family statistics sach as number of child and 

their ages), and merchant preferences/preclusions (e&, user prefers one restaurant chain over another, or the user 
wants no advertisements from a particular merchant), 
e. User ad selection engine: This module selects advertisements that are deemed appropriate to the user's preferences 
and needs. In particular, this module determines the categories and presentation order of advertisements to be 

i 5 presented to the user. To perform this task, the user ad selection engine uses a user's profile information (from the 

user profile database), a current user request (via the user ad advisor), and/or the user's current geolocatton (via 
the interface to the location gateway 742). Ihus, for a user requesting the location of an Italian restaurant within 
Yi mile of the user's current location, in a medium price range, and accepting out of town checks, the user ad 



20 (and/or values thereof) from which advertisements are desired. In one embodiment, 

Note that the user ad selection engine can s 
to do so. 

Mien an MS 140 appears to be traveling an extended distance through a plurality of areas (as determined, eg., by recent MS locations 
along an interstate that traverse a plurality of areas), then upon entering each new area having a new collection of location registrations (and 

25 possibly a new location registration wizard) may be provided For example, a new default set of local location registrations may become available 
to the user. Accordingly, the user may be notified that new temporary location registrations are available for the H\ user to access if desired. 
For example, such notification may be a color change on a video display indicating that new temporary registrations are available. Moreover, if 
the MS user has a personal profile that also is accessible by a location registration wizard, then the wizard may provide advertising for local 
businesses and services that are expected to better meet the Mi user's tastes and needs. Thus, if such wizard knows that the US user prefers fine 

30 Italian food but does not want to travel more than 10 minutes by auto from his/her hotel to reach a restaurant, then advertisements for 
restaurants satisfying such criteria will become available to the user However, MS users may also remain anonymous to such wizards, wherein the 
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Mote, that by retaining MS user preferences and needs, if permission is provided, tg., for anonymously capturing such user 
iitfraatioi), this information could be provided to merchants, to, merchants can get an understanding of what nearby MS user's would like to 
purchase (and under what conditions, e& an dearie fan for less than $io). Hote such user's may be traveling through the area, or user's may 
live nearby. tawdingfy, it is a feature of the present invention to provide merchant's with MS user preferences and needs according to whether 

5 the MS user is a passerby or lives nearby so that the merchant an better target his/her advertising. 

In one embodiment; a single wizard may be used over the coverage area of a (MRS and the database of local businesses and services change 
as the MS user travels from one location registration area to another. Moreover, such a wizard may determine the frequency and when requests 
for MS locations are provided to the gateway 142. For example, such databases of local businesses and services may be coincident with WTA 
boundaries. Additionally, the wizard may take into account the direction and roadway the MS 140 is traveling so that, tg., only businesses 

10 within a predetermined area and preferably in the direction of travel of the MS 140 are candidates to have advertising displayed to the MS user. 

PouitioflntmtAppIiQtiQiif 

The Invention can used for sight seeingguided tours where the invention is interactive depending on feedback from users. Such 
interactivity being bo A verbal descriptions and directions to points of interest: 

SmrityAppIlattom 

1 5 The invention may provide Internet picture rapture with real time voice capture and location information for sightseeing, and/or security. 
The foregoing description of preferred embodiments of the present invention has been provided for the purposes of illustration and 
description. It is not intended to be exhaustive or to limit the invention to the precise forms disclosed herein Modifications and variations 
commensurate with the description herein will be apparent those skilled in the art and are intended to be within the scope of the present 
invention to the extent permitted by the relevant art. The embodiments provided are for enabling others skilled in the art to understand the 

20 invention, its various embodiments and modifications as are suited for uses contemplated. It is intended that the scope of the invention be 
defined by the following claims and their equivalents. 
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Whathdaimedis: 

i. A method for looting a mobile station using wireless signal measurements obtained from transmissions between said mobile station 
and a plurality of fixed location communication stations, wherein each of said communications stations includes one or more of a transmitter and 
a receiver for wireless)? communicating with said mobile station, comprising 
5 providing first and second mobile station location evaloaton, wherein said location abators determine information related to one 

or more location estimates of said mobile station when said location estimators are supplied with data having values obtained from wireless s'pal 
measurements obtained via transmissions between said mobile station and the communication stations, wherein: 

(A) said first location evaluator performs one or more of the following techniques (i), (ii) and (iii) when supplied with a 
corresponding instance of said data: 

10 (9 a first technique for determining, for at least one of the communication stations, one of: a distance, and a 

time difference of arrival between the mobile station and the communication station, wherein said tint technique 
estimates a time of arrival (IDA) of a received signal relative to a time reference at each one of a plurality of wireless 
signal monitoring stations using an inverse transform whose resolution is greater than Raylejgh resolution; 

(ii) a second technique for estimating a location of said mobile station, using values from a corresponding instance 
1 5 of said data obtained from signals received by the mobile station from one or more satellites; 

(iii) a third technique for recognizing a pattern of characteristics of a corresponding instance of said data, 
wherein said pattern of characteristics is indicative of a plurality of wireless signal transmission paths between the 
mobile station and each of one or more of the communication stations; and 

(iv) a fourth technique for estimating a location of said mobile station using a OM model, wherein the following 
20 steps (a) -(d) are performed: 

(e) receiving at an antenna array provided at one of the communication stations, signals originating from the mobile station, 
wherein the signals comprise ^dimensional array vectors sampled from p antennas of the array; 

(f) determining from the received signals, a signal signature, wherein the signal signature comprises a measured subtpace, wherein 
the array vectors are approximately confined to the measured subtpace; 

25 (g) comparing the signal signature to a database comprising calibrated signal signatures and corresponding location data, wherein 

the comparing comprises calculating differences between the measured subspace and calibrated sobspaces; and 
(h) selecting from the database a most likely calibrated signal signature and a corresponding most likely location of the mobile 
station by using the calculated differences; 

(v) a fifth technique for estimating a location of said mobile station using an E model, wherein the following steps 
30 (a) -(e) are performed: 

a. receiving, at a multiplicity of the communication stations, a signal transmitted by the mobile station; 
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b. forwarding, by each of a multiplicity of the communication station*, said received signal and timing 

information to a central processing center; 
c calculating, within said central processing center, a time difference of arrival (IDOA) location estimate 

of said mobile station based upon said timing information; 
d. calculating, within said central processing center, a timing advance (TA) location estimate of said 

mobile station based op said timing information; and 
t determining said position of said mobile station using said TDOA and TA location estimates; 

(vi) a sixth technique for estimating a location of said mobile station using an ST model, wherein the Mowing 
steps (a) -(e) are performed: 

a. receiving, in a SPS receiver co-located with the mobile station, SPS signals from at least one SPS 
satellite; 

b. transmitting cell based communication signals between: a communications system having a first 
of the communication stations coupled to said SPS receiver, and a second of the communication 
stations which is remotely positioned relative to said mobile station, wherein said cell based 
communication signals are wireless; 

c. determining a first time measurement which represents a time of travel of a message in said cell 
based communication signals in a cell based communication system having at least some of the 
communication stations which comprises said second communication station and said 
communiGdon system; 

d. determining a second time measurement which represents a time of travel of said SPS signals; 

e. determining a position of said mobile station from at least said first time measurement and said 
second tone measurement, wherein said cell based communication signals are capable of 
communicating data messages in a two-way direction between said first cell based transceiver and 
said communication system; 

(vii) a seventh technique for estimating a location of said mobile station using an It model, wherein the following 
steps (a) -(i) are performed: 

a. transmitting from said mobile station N samples of a signal; 

b. receiving at one of the communication stations, said M samples together with multipart 
components and noise; 

c determining an estimated channel power profile for each of said M samples; 
A selecting a first set of H sample from said II samples; 
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e. performing incoherent Integration for said estimated channel power profiles for said finr jet of H 
samples to form a first integrated signal; 

f. if a quality level of said first integrated signal witfi respect to signal to noise is less than a 
predetermined threshold, selecting another sample from said H samples; 

g. performing incoherent integration for said estimated channel power profiles for said first set of H 
samples and said another sample to form a second integrated signal; 

h. if a quality level of said second integrated signal with respect to signal to noise is greater than or 
equal to said predetermined threshold, determining a time-tf-arrival of a maximum level of said 
second integrated signal; 

L entering said timetf arrival Into a time#arrival versus frequency of occurrence array; 

j. selecting a second setoff! samples from said N samples; 

t repeatiqgailof said perfbrmingthrougfi said entering steps for said second setoff! samples; and 

I. determining a minimum value estimated time#arrival from said array; 
(vOi) an eighth technique for estimating a location of said mobile station using an SigT model, wherein the 
following steps (a) - (e) are performed: 

a. within the mobile station, transmitting a locating signal composed of at least two tone 
components; 

b. within each of a plurality of the communication stations, receiving the locating signal at one or 
more antennas, and within at least one of the communication itatio^ receiving the locating 
jfgnal with at leasttwo antennas; 

c coupling each antenna to a receiver; 

d. within each receiver, generating amplitude and phase values from the locating signal as received 
by the antenna, the values indicative of amplitude and phase of at least two tone components of 
the locating signal, as received at the corresponding antenna and measured at defined times; and 

e. combining the values indicative of amplitude and phase for the tone components from a plurality 
of the receivers to determine the position of the mobile station; 

(ix) an ninth technique for estimating a location of said mobile station using a TIME model wherein the following 
steps (a) - (h) are performed therefor in a mobile radio system providing at least some of the communication stations, 
said mobile radio system including a network controller and at least three of the communication stations, each of said 
at least three communication stations including an uplink TOA measuring unit operable to communicate with said 
network controller, a control unit, and a time reference unit operable to provide timing reference signals to said uplink 
IDA measuring unit, at least one of said at least three communcation stations co-located with and connected to a second 
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mobile station, (aid second mobile station coupled to said network controller via a radio interface, and a service node 
operable to store known positions of at least two of said at least three communication stations: 

a. receiving a request in said mobile radio system to determine the geographical position of said 
mobile station; 

b. determining and reporting the position of said second mobile station to said service node; 

c directing said mobile station to transmit digital signals uplink on a traffic channel when said 
mobile station it not transmitting or transmitting only analog signals; 

d. measuring in each uplink IDA measuring unit an uplink TOA of the digital signals transmitted by 
the mobile station; 

e. receiving in said network controller said uplink IDA measurements from said at least three 
communication stations and a traffic channel number to said traffic channel; 

f. translating said traffic channel number to an identity of said mobile station; 

g. conveying said uplink TOA measurements and said mobile station identity to said service node; 
and 

h. calculating in said service node the position of said mobile station using said known positions of 
said at least three commutation stations and said uplink TOA measurements; 

(x) a tenth technique for estimating a location of said mobile station using an H model, wherein the following 
steps (a) -(d) are performed: 

a. receiving global positioning system satellite (GPS) signals from a plurality of global positioning 
system satellites; 

b. receiving a plurality of cellular position signals that do not contain data in a GPS-like format; 

c calculating die geographic position of the mobile station using said received pal positioning 
system satellite signals when a requisite number of the plurality of global positioning system 
satellites are in view of a global positioning system receiver; and 
d. calculating the geographic position of the mobile station using both said received plurality of 
cellular position signals and substantially all of said received global positioning system satellite 
signals when the requisite number of the plurality of global positioning system satellites are not 
inviewoftheglobal positioning system receiver; 
for at least a particular one of said techniques performed by said first location estimator, said second location evatoator 
performs a different one of said techniques when supplied with a corresponding instance of said data for the different 
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first generating, by said fint location estimator, tint location related information that it dependent upon an availability 
of a fint corresponding instance of said data; 

second generating, ty said second location ffatator, second location related information that is dqjendent upon an 
availability of a second corresponding instance of said data; 
5 determining a resulting location estimate of the mobile station dependent upon at least one of: (a) a fint value obtained 

from said first location related information, and (b) a second value obtained from said second location related information. 



i A method as claimed in Claim i, whotin said steps of Claim l are performed for a single emergency response request 

10 

I A method as claimed in Claim \ further including a step of outputting, to an emergency response center, said resulting location 
estimate of said mobile station in r 



4. A method for locating a mobile station using wireless signal measurements obtained from transmissions between said mobile station 
is and a plurality of fixed location communication stations, wherein each of said communications stations includes one or more of a transmitter and 

a receiver for wirelessly communicating with said mobile station, comprising: 

providing first and second mobile station location evaluators, wherein said location evaluators determine information related to one 

or more location estimates of said mobile station when said location estimators are supplied with data having values obtained from wireless signal 

measurements obtained via transmissions between said mobile station and the communication stations, wherein: 
20 (A) said first location evaluator performs one or more of the following techniques (i), pi) and (in) when supplied with a 



(i) a fint technique for determining, for at least one of the communication stations, one of: a distance, and a 
time difference of arrival between the mobile station and the communication station, wherein said fint technique 
estimates a time of arrival (IDA) of a received signal relative to a time reference at each one of a plurality of wireless 

25 signal monitoring stations using an inverse transform whose resolution is greater than Bayleigh resolution; 

pi) a second technique for estimating a location of said mobile station, using values from a corresponding instance 
of said data obtained from signals received by the mobile station from one or more satellites; 
(iii) a third technipe for recognizing a pattern of characteristics of a corresponding instance of said data, 
wherein said pattern of characteristics is indicative of a plurality of wireless signal transmission paths between the mobile 

30 station and each of one or more of the communication stations; and 

(B) for at least a particular one of said techniques performed by said first location estimator, said second location evaluator 
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first generating, by said fint location estimator, first location related information using an available first corresponding 
instance of said data; 

second generating, by said second location evaluator, second location related information using an available second 
corresponding instance of said data; 

determining a resulting location estimate of the mobile station dependent upon at least one of: (a) a fint value obtained 
from said fint location related information, and (b) a second value obtained from said second location related information. 

5. The method as claimed in Claim 4, wherein one or more of said mobile station location evaluators generates a location estimate of 
said mobile station. 

6. The method as claimed in Claim 4, wherein said mobile station is co-located rift a processor for activating at least one of said 
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Fig. 6(1) 
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LOCATION ENGINE 139 



PERFORMANCE DATA BASE 
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FIG 6(2) 
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ENVIRONMENTAL DATA BASE 
1354 

1. STORES CURRENT WEATHER, 
TRAFFIC ETC CONDITIONS. 
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HYPOTHESIS EVALUATOR 1228 



CONTEXT ADJUSTER 1326 

1. ADJUSTS THE CONFIDENCE AND/OR AREA FIELTjSDF LOCATION 
HYPOTHESES OUTPUT BY FIRST ORDER MODELS TO OBTAIN MORE RELIABLE 
TARGET MS ESTIMATES USING VERIFIED LOCATION SIGNATURE CLUSTERS 
IN THE LOCATION SIGNATURE DATABASE. 

2.IN ONE EMBODIMENT, THIS MODULE MODIFIES A TARGET MS LOCATION IN 
RELATION TO VARIOUS ENVIRONMENTAL CHARACTERISTICS SUCH AS: THE 
GEOGRAPHICAL AREA (TYPE) ASSOCIATED WITH A LOCATION HYPOTHESIS, 
WEATHER, TIME OF DAY, SEASON, TRAFFIC. ETC; 

3. IN ONE EMBODIMENT, MAY USE HEURISTIC (FUZZY LOGIC) RULES TO ADJUST 
THE CONFIDENCE VALUES; 

4. IN ONE EMBODIMENT, MAY ALSO USE EXPERT SYSTEM RULES FOR 
ADJUSTING CONFIDENCES DUE TO BSFAILUREfS), 

5. FOR LBSs (FIXED LOCATION TRANSCEIVERS), MAY USE OUTPUT FROM THE 
FIRST ORDER MODELS FOR SUCH TRANSCEIVERS AS A WAY TO CALIBRATE 
LOCATION HYPOTHESIS DEFAULT CONFIDENCE VALUES OF OTHER FOMs. 
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1. RUN-TIME STORAGE FOR PREVIOUS TARGET MS 
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FIG 6(3) 
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LOCATION SIGNATURE DATA BASE 

1 .STORES CDMA SIGNAL CHARACTERISTICS FOR VERIFIED 
LOCATIONS (E.G., LOCATION SIGNATURES OR LOC SIGS); 

2. EACH LOC SIG ALLOWS ACCESS TO: MS LAT-LONG, BS ID, 
POWER LEVELS (BS AND MS), TIME/DATE STAMP, 
ENVIRONMENTAL MEASUREMENTS INDICATING; E.G., RF 
BACKGROUND NOISE, MULTIPATH, DENSE URBAN, 
URBAN, SUBURBAN, RURAL, MOUNTAIN, WEATHER, 
TRAFFIC, AND A CONFIDENCE VALUE FOR THE LOC SIG. 

3. SUPPORTED RETRIEVALS: BY GEOGRAPHICAL AREA, BY 
BS ID, BY ENVIRONMENTAL MEASUREMENT 
CLASSIFICATIONS, BY TIME/DATE RANGE. 

4. LOC SIGS INPUT FROM 2 SOURCES: FIXED LOCATION MSS 
(E.G., LBS'S, 12 LOC SIGS/LBS/DAY FOR A YEAR). OTHER 
VERIFIED SOURCES PROVIDED BY A MBS 148 OR 
ANOTHER UNIT HAVING LOCATION VERIFICATION 
FUNCTIONALITY; E.G., POLICE, AMBULANCES, BUSES, 
TAXIS. 



SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCTAJS01/17957 



10/26 




SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCTAJS01/17957 



11/26 




SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCT/US01/17957 



*-Id cc: rococo - 




12/26 
s — 

rrruj ui^ 



<q:>-OiucoZjoq— Ooz^? 



Oh- coX<Trl 



I 



^3- 5. 



2: — I — CD 



CO 



oil 

?I 

UIX 
Zfc 

UJO 

gin 

<UJ 



CO 

COUJ^ 
CO i—O 
UJCOI- 

qc:lu< 
C5 = OT 



log 



^fcrco 

t- ^ CM 



>oo< 

CO I— 0 0. 




ZJCO 



HC5 

s§ 

li 
£g 

O§co 

^2 CO 
s-tbCD 

CO^j< 

o<o 

COXD. 



tJ_t 



OQqOo 
t >J99r u - 

O D^OL UJ >- 
CL Q-otfCOX 

DCOlU<0 
0>L»-CO^—l 
pLUyJ<LU 



o 

In 

coo 
SO 

UJCO 

ooc: 
l_ co;f 

<9?fci 

UJO< 

®& 

OmJ2 

LU°<C0 
-OO^ 



— .-^<OOU 

cr:riujocoZi_jS 



co 

LU 

g 

« 

<o 

Sen 
xuj 



<o 
o 



00 

to 



5 ^1 - 

■I 

:ujj-Q>^Oo2coflco 



SOQ ro ZtoS r 




dx>uj!j2-jxi-o< 



J 



SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCTAJS01/17957 



13/26 



« 



DfJO 

file 

Qzoz 
ooo 



Qcg 

LU Q 




o 

I dig 



o 
o 

= LU 



coT-co 

o<o 
<<!< 

OgjO 

Sa!3>£QS;o<qFcL^a : 



CO 



I 



LU 
X 



ulO 



CO 



a:"- 1 

(2 LU 

CO -2: 
co2 

LU ^ 
-CUJ 



Q 
UJ 

i<3>-,2 
5°2o: 

UJ^OLU 

lu a: lu 

Ou-QQ 



a: 
wO 

LUO 
CO D- 

uJll 

cobs? 
gx£ 



ZUJQLU 

ills 



J CO <C I — 



ZD {TjCLOOUjfcrCL 

w H<S<u-0< 




— ujcog 
O xiu^ 
a: s— -j£d 

g Q.Q-UJ 
OlCOh 



P ^x 



^51 



Q 
< 



55 



LU 



CO 



5 

Q 



xo<o 



^ll5co<c: 
-j05<uj 




<LU>= 
LUOO 

Oo ^ Q 

gcoa:^- 

ssgs 




ru 



LU 

DL /TV o 

Ouj 

ips 

* 3 — 1 
i LU U. LU 

l^co^ 

3tlJC0 
OOLU 

gzz 

co^lu 
coOuj 

Z>OQ 



rCO 



teg 22 

■uj 



«T0 5 



is 



Sol 

fecoO 
S20H; 

< >- CO 

LUQ.O 

*LU> 

< X LU 

co 1 — cc 

g_J LU 

Olux 
00:1- 




^coco 
<C\ — CO o 



00 



SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCT/US01/17957 



14/26 



X 4> 



3>* 



tS ^ 5 

.a o o 

-if 
855 




SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCT/US01/17957 



15/26 




T3 ^ 42 

•I .a * 

fci so 




3 



■si 3 , 

"Vila's 

i I'M- 

tllll 




0) 



CO 

w 

§ 

•■8 

O 

o 

I 

! 
i 

.3 

o 



.s 

I! 

i-i C 
o o 

G ^ 

CO fS 

•3 | 
1| 

.2 «t 
%> 

o g 

tl 

1° 



SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCTAJS01/17957 



16/26 




SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCT/US01/17957 




SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCT/US01/17957 



18/26 




SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCTAJS01/17957 



19/26 




SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 PCT7US01/17957 



20/26 




SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 PCTAJS01/17957 



21/26 





r 












CO 
CM 


CMRS 
TABLE 




MSG 
TABLE 




CM 


CO 



CO 

C0 

CD 
O 
O 



(0 

c 
g> 

CO 



SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCTAJS01/17957 



22/26 



CM 




QQ 
Q 



0 

CO 



O 
z 

CO 
CO 
LU 

o 
o 

en 



o 

CM 
CM 



LU 

C0 
>- 
CO 



UJ 

< CO cc 
C3 ^ □ 

COUU. 



03 

o 



9; => 

? o 



DC 
111 

DC " 



CO 



HI 
CO DC 
^ 3 < 

o o o 



T 



CO 

in 

LO 



CO 

O 
O 

1 

Q. 
< 



T 



-Q 
LO 
lO 



£ 



o 
in 



OC 
LU 

lis 

2 3 < 
O O O 



CO 

oc 

o 
111 

a. 
R 



> 
a 



o 

CO 

> 

o 

DC 
Q. 

O 

o 
o 

_l 

ID 

d 
E 



SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCT/US01/17957 



23/26 



vol 
cs 

CO 



o 2 



HQ UJ"T 
CO q == ^ m « 



O^UJUJCQ^ 

" OQQO-i 






O 




^2* 





IIP 




SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCT/US01/17957 



24/26 




SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCT/US01/17957 



25/26 



M 3 § 
§i s BS 

Z oo 

mm Or 



CO 



CO 



I 



bJQO<iN-»Qa «W^>h*0W ftgiO>H3Wp4 <£H 



g 

i 



s 



CO 

g 



1 



CO 

S3 



s 



Si 




S3 



Is g 



11 

oo 5 



1 





CO 




I 




Hp 
CB 




ill 





SUBSTITUTE SHEET (RULE 26) 



WO 01/95642 



PCTAJS01/17957 



26/26 




SUBSTITUTE SHEET (RULE 26) 



